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ABSTRACT 
The flora of Upper Teasdale contains a large number of "relict" 
species of disjunct geographical distribution. Why is this rich 
assemblage o~ species present in Teasdale? 
It was assumed that arctic alpine and other rare species, supposedly 
intolerant of competition, were able to survive in the face of lowered 
competition from typically lowland species. 
This study was designed to test this hypothesis by answering three 
questions: 
(i) What are the communities? 
(ii) What is their productivity (as a general measure of competition)? 
(iii) What are the reasons for this level of production? 
Initial analyses on Wid~bank Fell indicated the importance of 
Limes convergens situations, sharp zones of biotic and abiotic transition, 
as key habitats for many of the rarities. 
Detailed phytosociological analyses of a grid matrix on Widdybank Fell, 
prodgced an optimum classification of vegetation units. These communities 
contained many rare species and the affinities of these units with 
continental phytosociological groups was considered. The distribution of 
the quadrats of these communities on the grid was compared with abiotic 
variables. 
The productivity, in·this context used as a general measure of compe-
tition, of those communities delimited in the phytosociological analyses 
and other sites was determined. A single species increment cropping 
technique was developed to determine the net annual aerial standing crop 
of the communities considered. A composite picture of community Qynamics 
in terms of vertical biomass distribution, net annual aerial production 
and mineral flux was obtained. 
The ·rare species were found to be most common in the communities 
studied that were of low net annual aerial production, particularly those 
of less than 150 gm/m2 /per annum. 
The importance of grazing and climate in maintaining these low levels 
of production was emphasised by exclosure and cold frame experiments. 
Chemical analysis indicated the importance of the highly calcareous sugar 
limestone soils and indicated that high zinc levels appeared to coincide 
with low production. 
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PART I 
INTRODUCTION 
, 
1 
The flora of Upper Teasdale contains a large number of species, 
the populations of whiCh are outliers of their normal geographical 
range (Pigott, 1956). Upper Teasdale is, in fact, one of the series 
of 1refugia 1 which is particularly rich in species which show disjunct 
distributions across the British Isles (Table 1). 
Although their distributions are now disjunct, there is much 
evidence that ~ of these species were much more widespread in the 
past. For example late glacial deposits near Darlington have yielded 
fossil remains of ArctostaphYlos uva-ursi, Dqas octopatala, Helianthemum 
oanum, Selaf5inella sp., Thaliotrum alpinum and Juniperus sp. (Blackburn, 
1952). Sub-fossil material of Potantilla frutioosa, Draba incana, Drxas 
ootopetala and Helianthemum have been found near London and seeds of 
Minuartia striota have been tentatively identified from a late glacial 
deposit in Ireland (Mitchel~, 1953). 
The Teasdale assemblage may therefore be interpreted as "relict", 
t'rasnants of a flora which was widespread in Britain soma 10,000 to 
12,000 years ago (Godwin and Walters, 1967). 
The development of this original flora, late and early post-glacial, 
has provoked much speculation. There have been two main arguments. 
The first favoured the nre species as periglacial survivors, 
stating that during the last sJ.aoiation there may have been some 
unglaciated areas in the Pennines. It would have bean on the inhospitable 
peaks of these nunataks that the plants would have weathered the ice age. 
The alternative argument maintains that, as the glacial ice masses 
receded, the bulk of the flora immigrated from the warmer south. 
Whatever the correct explanation for their initial presence in the 
area may be, there is also the problem of explaining their persistence 
over a span ot more than 10,000 years of climatic change; change which 
has transformed an open glacial landscape into one dominated by closed 
• "4\A·~tS<ll\. 
woodland and subsequently by blanket peat (Turner"- 1970). 
~;r uJiV~I'~')'" ·~l'!.~l'! 4.- 16~ 
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TABLE 1 
Some or the rarities in the "Teesdale assemblaB!" 
Continental Southern 
Continental Northern 
Northern Montane 
Oceanic Northern 
Arctic ...Alpine 
Alpine 
Helianthemum canum 
Carex ericetorum 
Equisetum variegatum . 
Juncus alpino-erticulatus 
Pbtentilla truticosa 
Primula rarinosa 
Viola rupestris 
Armeria maritima 
Care:x capillaria 
Dryas octopetala 
Juncus trigl.umis 
Kobresia simpliciuscula 
Minuartia stricta . 
Minuartia verna 
PDlygonum viviparum · 
Saxitraga aizoides 
Thalictrum alpinum 
Tofieldia pusilla 
Gentiana verna 
2 
The oontemporar,y climate of the high western boundar,y of Upper 
Teasdale is marginally sub-arctic (Manley 1942) but the climate of the 
main area in which the Teasdale rarities are found is much less 
extreme and differs but little from that of other large stretches of 
the Permines. 
Why then is this rich assemblage of species present o~ in Upper 
Teasdale? 
The abundance ot arctic alpine plants in gardening catalogues 
indicates that many ot these plants can be grown at lower altitudes 
in drier situations with mtcb. longer growing seasons than ooour in the 
nsub-al'Otio wastasn ot Upper Teasdale.; However it is an essential pre-
requisite that the successful alpine garden is well weeded and hence 
the arctic and arctic alpine plants are kept free ot interference from 
other species which are better adapted to the lowland climate. 
In Teasdale many ot the rarities do grow in open conditions where 
the total vegetation cover may be less than a third of the ground area 
and hence competition or interference must be low. 
However, the continued existence of these skeletal communities 
and the contemporary stabilisation ot communities forming lOOJ' cover 
but rioh in both nreliota species and the :ir lowland competitors demands 
an explanation. It would seem that either the Teasdale relict populations 
are less sensitive to "competition" and/or their lowland competitors are 
less vigorous in tha region under consideration. 
What are the main abiotic dit'terenoes between a typical lowland 
garden where these species may be grown only in the absence ot 
ncompetitionn and the tells of Upper Teasdale where they graw, and must 
have grown tor a long period, in competition with the more widespread 
lo\vland species? 
3 
The importance of competition or at least the laok of it in arctic 
alpine communities has bean discussed widely (Coombe and White 1951, 
Pigott 1956), but there is little empirical evidence. 
This difficult question of determining quantitatively a general 
measure of competition has been approached by Bell~ and Tiekle (1964). 
They indicated that the Teasdale rarities were confined to plant 
communities whose net annual aerial production was less than 150 g dr,y 
wt per metre square. 
In order to check this figure and extend our knowledge of the 
structure or the communities a detailed study was undertaken and the 
results of this investigation form the basis of this thesis. 
To summarise, the basic hypothesis was that there existed in Upper 
Teasdale a complex of "unique" vegetation types characterised by low 
levels of primary production. These "low production" cOJDIIIUDities offered 
niches in which competitive effects were low, and in which the "Teasdale 
rarities" were able to survive. 
The project was designed to test this h.Jpothesis by answering four 
main questions a 
1) What are these vegetation types? 
2) What is their productivity? 
3) What determines their level of productivity? 
Due to the planned destruction of part of the vegetation on 
Widdybank Fell, Upper Teasdale, by the construction of the Cow Green 
Reservoir, the study was confined to the area that was to be submerged, 
thus providing an opportunity for "destructive" research. 
A. THE ABIOTIC 
(i) Geology and Soils 
Upper Teasdale occupies a central position in northern England, 
being situated in the Pennines between the Vale of Bden and the Lake 
District to the west, and the Dumam coal measures to the east (Figure 1). 
The River Tees rises at over 2,000 feet and curves in a general 
south westerly direction until it is forced to skirt round the base of 
Wid~ank Fell beneath the scarp face of Cronkley Scar. 
Widdybank Fell is largely composed of sedimentary rocks of the 
Carboniferous Lower Lomestane Group. These consist of a sequence of 
hard light coloured limestones, shales and sandstones; the Melmerby Scar 
limestone predominating with a thiclaless of over 130 feet (Johnson 1965). 
The transgressive Great Whin Sill, a hard quartz dolerite, was 
intruded into this ·sequence and baked. the surrounding limestone into a 
coarsely crystalline marble (Figure 2). When exposed this marble dis-
integrates and crumbles eventually to form the granular nsugar limestone" 
(Plate I). Only in this region of the British Isles is sugar limestone 
found and. here large outcrops are restricted. solely to Cronkley and 
Wicld.ybank Fell (Plate U). 
Ma~ of the more interesting plant communities and the rare species 
are associated with the sugar limestone and. the soils derived from it. 
The pedogenic processes of these soils will therefore be briefly 
considered. 
Jenny (1958) considered soils to be the product of five pedogenic 
factors; parent material, climate, organisms, topograpey and time. 
!&rent material and climate predominate in the production of limestone 
soils in the British Isles. 
In the vicinity of the sugar limestone outcrops, the soils show 
little or no differentiation into horizons, only a complex intermixture 
of roots, dark humic material and coarse limestone granules. The 
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5 
undifferentiated soils on sand· dunes have been termed silicate syrosems 
and similarly Shimwell (1969) proposed the term calcareous syrosem to 
describe this undifferentiated limestone soil type in Teasdale. 
The accumulation of' humus to form an Ao horizon, together with some 
leaching, has resulted in the. formation of' rendzinas and brown ren~inas. 
The activities of large populations of moles, Talpa, have contributed 
to the erosion, and have also reasserted the profiles overlying the sugar 
limestone so that the rendzinas have diffuse boundaries :with humus 
widespread through the profile. 
Much of Widdybank Fell has been oovere·d by glacial drift deposits 
and where boulder clay has sealed off' the sugar limestone from the 
pedogenic process-humus iron podsols have developed, and in shallow basins, 
where drainage has been impeded, up to 4- metres of peat have developed 
over the calcareous drift (Shimwell 1969). 
Gleying is restricted on Widdybank Fell to small areas where the 
Fell meets the flood plain of the river, and extends a little w~ up 
the streams or sikes. 
( 11) Climate 
Manley (1942) studied the westem boundar,y of' Upper Teasdale and 
formed "a conception of an excessively windy and pervasively wet autumn, 
a variable and storm.y winter with long spells of snow cover, high humidity 
and extremely bitter winds alternating with brief periods of rain and 
thaw. April has a mean temperature little above freezing point and SUIUl.Y 
days in May are offset by cold polar air, while the short and cloudy 
summer is not quite warm ~nough to support the growth of trees. Through-
out the year indeed the summits are frequently covered in cloud." 
He labelled the climate of the high western ridge "subarctic" but 
emphasised the marginal nature of this upland climate by saying that a 
"relatively slight increase in the frequency of anticyclonic summer 
6 
weather would allow a rise in mean temperature almost sufficient to 
permit growth Of ti['8eS. 11 
Table 2 shows the months with mean daily minimum temperatures 
below 0°C and also mean monthly temperatures. Manley indicated that 
owing to the flatness or the annual mean temperature curve, a slight 
increase in elevation was accompanied by a remarkablY large decrease 
in length or the growing season. The number or months with a mean daily I 
minimum below 0°C is indicative of the period throughout which snow may 
lie. Indeed Radforth (1962) included Upper Teasdale in his "active frost" 
zone where microtopogra~ is influenced by solifluction and erosive 
phenomena associated with freezing conditions. 
The rainfall is high enough to be conducive to peat formation. -
Glasspoole (19~2) mapped the distribution of rainfall in the Teas 
Valley (Figura 3). The annual rainfall increases rapidly westward from 
lass than 30 inches (76 em.) near the coast to 55 inches (140 om.) on 
Cronklay Fell and Wid~bank Fell. This increases to over 70 inches 
(180 om.) on the summit or Mickle Fell and the high ground near Cross Fell. 
(- l ,_ .~ ..... £"" ... - <> ) 
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TABLE 2 
Climatic data for Widgybank Fell 
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Mean Monthly Mean Monthly 
Precipitation Temperature 
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B. THE BIOTIC 
General Vesetation of Upper Teasdale 
The uPlands of the Northern Pennines are oovered for their greater 
part by "dreary and monotonous" moorlands (Tansley 1911) which contrast 
markedly with the rich, green vegetation of the lower slopes and valleys. 
This difference is accentuated by agricultural settlement of the lower 
land. Local~, there is a sharp differentiation between the relative~ 
unbroken expanse of moorland on the top of Wid~bank Fell, occupying the 
foreground in Plate III, and the pattern of hay meadows, pastures and 
coniferous plantation on the floor of the Tees valley to the west of the 
Fell. 
The situation is further complicated in the Wi~bank Fell area by 
the relatively "lush" vegetation which penetrates in calcareous flushes 
high into the moorland zone. 
Although the Upper Teasdale flora is probably more widely known 
than that of aqy, area in Britain there have been few attempts to describe 
its phytosociology, as opposed to the distributions of individual species. 
Bradshaw and Clark (1967) have produced a classification of the vegetation 
of the higher ground which is summarised in Figure l,.. The main vegetation 
types they delimit will be briefly considered here. 
( i) Blanket Boe; 
Much of' the upland area of the Pennines up to 2,500 f't. lies buried 
beneath a blanket of acid peat cf varying depth, particularly in flat 
areas or slopes of low gradient. The growth of various species of 
Sphagpa is encouraged under these conditions of' low runoff, and under 
--- . ~ . 
the prevailing climatic conditions peat formation has occurred. A 
typical flora including the following species bas developed: 
PLATE III Locally, there was a sharp differentiation 
between the relatively unbroken expanse of moorland on 
Widdybank Fell and the pattern of hay meadows, pastures 
and coniferous plantations in the Tees Valley below. 

...... 
Blanket Bog 
Bent-Fescue 
Grassland 
(Species-poor) 
Mat-Grass 
Grassland 
1 
Grass Heath 
Mcl:lnia 
Grassland 
Heather Moor 
Bent-Fescue 
Grassland 
(Species-rich) 
Flush Vegetation 
Gravel 
Flush 
Bryophyte 
Flush 
Fiso 4 A general classif'ication of the main vesetation tnes occupying the high gz:ound of Upper Teasdale 
(attar Bradshaw and Clark 1965) 
Sphagnum spp. 
Narthecium oss~raswm 
Erica tetralix 
Eriophorum vae;inatum 
Triohophorum oaespitosum 
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Drosera rotunditolia 
Calluna vulsaris 
Eriophorum angustitolium 
This formation is syno~us with the Cotton-grass associations 
!~!~!!2~~!• as well as the £~!~!:~!~~~!i~ of McVean and 
Ratcliffe (1962). The top of Wid~bank Fell is covered by large tracts 
) of.this fo~tion and it is interesting to note that the only known 
' station in England for Betula !'!!!!!. occurs there. 
(ii) Heather Moor 
This dwarf shrub heath is domi.nated by heather and is found in the 
better drained, leached acid soils. Its floristic composition is variable, 
,.depending o~ the intensity of graziilg. and burning, but the main species 
are: 
Calluna vulsaris Vacciriium mfrtillus 
Vaccinium vitis-idaea Erica cinerea 
Deschampsia tlexuosa Potentilla ereota 
H.vpnum cupressiforme Pieurozium schreberi 
Dicranum scoparium Lophocolea bidentata 
. This group is synonymous with the Bilbel"JrJ' Moor associations of' 
Tanalay (1911), the !!~~!!i!!_!l!iE:~!' and the Vaccinium m..yrtiJJ:IIs 
heath of Bridgawat:ar (1970) typical of' northern Britain and upland 
Walas. 
Where this moor abut•s on to grass heath and the soil is calcareous 
a floristically richer variant has developed. This species rich heather 
moor is more heterogeneous in nature than the typical heather moor, and 
has the following additional species: 
Empetrum nisrum 
Ptilidium ciliare 
Cladonia arbuscula 
BbYtidiadelphus loreus 
Pblysala vulgaris 
9 
Lophozia floerkii 
ijylocomium splendens 
Festuca ovina 
Campanula rotundifolia 
Th.ymus drucei 
This vegetation in the vicinity of Slapestone Sike, on Wid~bank 
Fell, grades off into species rich grass heath; this transition accom-
panied by the introduction of such species as Gentians verna. 
(iii) Grass heath 
In Teasdale these formations are generally anthropogenic (Bradshaw 
and Clark, 1965) and their structure depends upon grazing pressure, soil 
base status and soil-moisture regime. The three main kinds or grassland 
typical of the low base status will be considered first before the 
species-rich grassland of the calcareous tracts. 
(iv) Species-poor Bent-Fescue Grassland 
This is typified by the following combination of species: 
Ae;rostis tenuis 
!• canina 
Potentilla erects 
Viola ri viniana 
RbYtidiadelphus sguar.rosus 
Festuoa ovina 
Antho:xanthum odoratum 
Galium saxatUe 
Luzula campestris 
H.vlooomium splendens 
This type or vegetation is widespread in the British Isles and is 
one of the most important pasture types of rough grazing in the 
Southern Uplands, Northern England and Wales. These grasslands tend to 
occur on dry podsolic loams and are extensive on the boulder clay of 
Wid~bank Fell. 
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(v) Mat-Grass Grassland 
This grassland is similar to the preceding type except that 
Asrostis and Festuca species are replaced by Nardus striata, Juncus 
sguarrosus and Deschampsia tlexuosa. This formation is typical of 
the wetter and more heavily grazed sectors of the Fell and is again 
restricted to what are, from a botanical point of view, base poor 
substrata. 
(vi) Molinia Grassland 
This has the following assemblage: 
Molinia caerulea Juncus squarrosus 
Care:x panicea .£• tlacca 
.£• echinata .£• pulicaris 
.£• dioica .£• nigr:a 
Juncus artioulatus 
These occur in even wetter and more acid conditions, frequently 
on anaerobic gleyed solls. 
These preceding vegetation types generally do not support a rich 
flora, nor many ot the rare and peculiar species for which Teasdale is 
---------
famous. They wlll therefore be considered no further at this stage, 
although they cover a large proportion ot Widdybank Fell and the Cow 
Green area. 
The limestone outcrops, however, make up for their spatial 
restriction by supporting a varied and interesting flora associated 
with the species rich Bent-Fescue grassland and the flush vegetation. 
(vii) Species-rich Bent-Fescue Grassland 
These grasslands grow on both metamorphosed and unaltered lime-
stone and the following assemblage represents the ~pical species 
composition: 
Festuoa ovina 
Koeleria cristata 
Briza media 
Carex ericetorum 
Galium pumllum 
Helianthemum chamaecistus 
Minuartia verna 
Viola riviniana 
Plantago lanceolata 
Ditrichum flexicaule 
Rhytidium rugosum 
Rhaoomitrium canescens 
Sesleria caerulea 
(viii) Flush Vesetation 
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He1iototriohon pratense 
Qm!. catyophyllea 
,g,. oapillaris 
Gentianella amarella 
Kobresia simpliciusoula 
Linum cathartioum 
Th.ymus druce i 
Campanula rotunditolia 
Piantaso maritima 
!!21.! rupestris 
Tortella muralis 
and others 
The vegetation falling into this category generally occupies areas 
subject to periodic flooding and is situated either direct~ on lime-
stone or in the path of runoff or drainage water from limestone. 
Species occupying these wet habitats included: 
Carex lepidocarpa 
£• panicea 
Eriophorum ansustifolium 
Esuisetum variesetum 
Selaginella selasinoides 
Euphrasia micrantha 
Campylium stellatum 
Ctenidium molluscum 
.. , 
Philonotis calcarea 
Pinguicula vulgaris 
Primula farinosa 
Tofieldia pusilla 
Festuca rubra 
Eleocharis suingueflora 
Sax:l.fraga ajzoides 
Catoscopium nigritum 
Fissidens adianthoides 
and others. 
PART II 
THE VEGETATION OF THE STUDY AREA 
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A. TRANSECT ANALYSIS 
As a basis tor the stuczy a transect was laid down on the north-
facing slope ot Slapestone Sike, Widdybank Fell. 
This sike drains a partially peat-covered catchment and outs down 
through the overlying glacial drift into the Melmerby Limestone beneath. 
The soils ot this valley form a catena from peat-covered drift down 
throup various admixtures to limestone, becoming progressively wetter 
downslope due to seepage from the limestone aquifers draining into the 
sike. 
The transect was orientated at rightangles to the main drainage 
axes ot the sike. It started in sedge marsh vegetation on the damp 
calcareous gravels on the baDks ot the stream and progressed upslope 
away from the stream's intluenoe. The sedge marsh graded into damp 
grassland which in turn gave way to herb-rich heathland on a more 
siliceous soil. This covered one ot the main 'gradients' ot vegetation 
variation on Widdybank Fell. 
Method ot Transect Ana1Ysis 
Presenoe or absence ot the plant species were recorded in contigu-
ous ! x * m square quadrats along the belt transect. Soil samples were 
collected from each quadrat and analysed (tor method see Appendix 1). 
The floristic data was then sorted using Crawford and Wishart's 
Group Analysis technique (1967). To determine whether the groups so 
obtained represented more nearly stages in a continuum or individual 
plant communities in their own right, the floristic data was subJ eoted 
to a further analysis aimed at detecting major discontinuity or hetero-
geneity in the data; this was the 'H' value analysis, as described by 
Van de MaarZ/. 1968. 
This sensitive method was employed to locate the exact position 
and nature ot these boundaries • That is the heterogeneity between 
contiguous i x * metre quadrats was obtained using the differential 
13 
occurrence ot species. The frequency ot occurrence or the species in 
the two constituent !- x ! metre halves being used as a measure ot 
species significance. This leads to the equation 
H ::: i ~ p(ia) - P(ib) 
i::U. P max 
where P(ia) is the performance ot the ith 
species in quadrat a etc. 
H values tor such transects are then amenable to graphical 
representation. 
Results 
The resultant 'H' profile indicated an acute peak on the graph at 
a position 4- m along the transect (:Figure 5) imi>l3'ing that there was a 
spatially abrupt change in the floristic composition at that point. A 
picture therefore emerged or the sedge marsh communities being sharply 
separated from a sedge rich grassland. The remainder of the graph 
showed a variable and 'disturbed' to~; the peaks on the 'graph' were 
ot a much lower amplitude indicating a spatially more gradual change. 
The complementary group analysis produced eight synecological 
groups (Figure 6) and subsequently their ecological relationships were 
analysed along the following simple environmental scalers, soil organic 
content, total calcium, magnesium, sodium and potassium. 
Fuller details ot the group analysis are given below in the thesis. 
The sedge marsh community was composed ot a mosaic ot three similar 
. r 
groups, D, H and C, typified by the high percentage occ~ence of such 
species as Carex panicea, Carex lepidocarpa, Juncus articulatus, Br.yum 
pseudotriquetrum, Drepanocladus tluitans, Philonotis fontana and the 
absence ot the species typical ot the grassland t'urther up the transect, 
Festuca ovina, Ctenidium molluscum and H.ylocomium splendens (Figure 6). 
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Fig. 6 Slapestone Sike Transact {1) 
The eigllt s;meoologiaal e:oups determined b:r Group Ana].ysis 
Sf:!ecies Grou~s H G D E A B c F 
Pellia epiphylla 33 100 
Agrostis canina 67 50 
Sa gina nodosa 33 50 
Philonotis fontana 100 100 50 
Kobresia simp11clu.scu1a 67 50 100 
Drcpanoc1adus fluitans 100 100 100 
Bryum pscudotriquotrum 100 100 100 20 
Riccardi& pilll:uis 67 100 100 :v 
P in[{U icula vulgaris 33 100 50 20 
E1·iophorum angustifo1ium 100 100 100 100 100 
Equisctum variegatum 100 50 50 100 67 
Juncus articulatus 100 100 100 100 67 67 
Carcx lcpidocarpa 100 100 100 100 100 67 
Carcx panicea 100 100 100 100 100 100 
Se1agine lla se1aginoic:as 33 50 80 100 100 
Brcutc1ia chrysocoma 20 100 67 
Rhacomitrium lanuginosum 80 100 
Tofieldia pusilla 20 100 100 
Carcx capillaris 100 67 100 
Ctcnidium molluscum 100 "100 67 
Pc1tigera aphosia 50 80 100 100 
Cornicu1aria aculeata 40 33 33 15 
l'r·unella vulgaris 100 100 100 100 7 
Thymus drucci 100 100 100 100 76 
Potent ilia erect a 100 100 100 100 100 
~linuartia verna 33 100 7 
Viola lutea 33 100 69 
Rhytidiadclphus triquetrus 100 15 
Ce1·asliu!D holosteoides ' 33 7 
Fcstuca 'ovina 80 100 100 100 100 
HyOlocomium splendens 100 100 100 100 
Cladonia ~r~uscula 67 92 100 
Agrostis tenuis 100 100 50 
Ga :lium saxatile 67 100 100 
Hhytidiadelphus 1oreus 54 100 
Plcurozium schreberi 100 50 
Campanula rotundifolia 69 100 
Anthnxanthum odoratum 69 100 
Cal luna vulgaris 46 100 
llypnum cupressiforme 38 100 
Polytrichum juniperinum 24 50 
Carcx ericetorum 15 100 
Thuidium tamariscinum 7 50 
Plantago mariti1: 50 20 
Fissidens adian "ides 50 20 
Cardarnine pratensis 
' 
50 
Lophocolea bidentata 100 
Po1ygola vulgaris 40 
Uiccardia mu1tifida 20 
C:cphalozia bicuspidatB 20 
Nardus sh·icta 20 
llhy 1. ill iadcl phu:-; squarrosus 54 
f,IIZII J.a CIIUIJIOH l I' iS 24 
1111: J"auum scopa r ium 62 
Ua:l.'.:i',auia t r ilo~a ta 24 
Ccl'l!"ar ia islandica 33 15 
Viola riviniana 7 
Arrncria maritima 33 33 
lJitrichum flcxicau1e 
(Figures quoted refer to percent age occur1•ence of 
spec·as in groups). 
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These sedge marsh groups occur to the left of' the peak on the 
differential profile diagram, whereas to the right of' the peak there 
follows a group of' five contiguous quadrats designated group E. This 
was distinguished by the presence of' Festuca ovina, Potentilla ereota, 
Thymus drucei and Ctenidium molluscum together with some sedge species 
and Bryop~tes from the groups D, H and G. 
The sharp margin of' the wet sedge marsh community not only marks 
vegetational discontinuity but also marks a zone of' sudden environmental 
transition; the limit of' penodic inundations from the swollen watercourse 
after torrential rain. The scouring effect of' this vigorous flushing 
also led to preferential erosion of the humus and litter that had 
accumulated since the previous inundation, as well as a:xposure and/or 
deposition of' limestone graDUles at and below the top flood-water level. 
This was reflected in the chemical analyses {Figure 7) where the soil 
showed a var,y sudden decline from relatively high levels of' calcium 
(200 mg/ g soil) and sodium {2.5 ms/ g soil) in the sedge .marsh groups 
D, H and G, to a mu.oh lower level in group E where calcium was 10 mg/ g 
·,soil and soium 0.5 mdg soil. These low levels were continued through 
the other groups A, B, C and F, the valley sid.e. ~e dramatic drop of' 
these two elements took place in the immediate vicinity of' the 4- m mark 
of'the transect and clearly corresponds closely to the large floristic 
difference expressed in the profile. 
As the levels of' Calcium and Sodium in the soU fell, so the 
proportion of' organic material increased from 10 to 50J' of' the total 
dry weight of' the so~. This higher level of' organic material decreased 
near the 10 m level of the transact, but the corresponding increase in 
·!,,\organic material was made up largely of siliceous rather than calcareous 
material. 
The floristic composition of group A is distinguished from group B 
by the high presence of Totieldia pusilla and Rhaoomitrium lanuginosum 
Fig. 7 Slapestcme Sike Transeot (l) 
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whereas B was typif'ied by Rh,ytidiadelphus triquetrus '· ~ ~ and 
...lrl Asrostis tenuis. 
Groups A and B were distinguished from the next group, C, by such 
/species as Breutelia ohrysocoma and Minuartia vema. Group B blended 
with group C which continued for most of the remainder or the transect. 
~his vegetational continuity was reflected in the comparative constancy 
of the environmental sca~rs although within this latter group a 
physiognomic change associated with the presence of Calluna vul.Raris 
occurred in the last four metres of the transect. The appearance of a 
Chaemophyte in an ·otherwise essentially homogenous community did not 
appear to ))e paralleled by change in any of the soil factors previously 
mentioned. The density of the heather near the top end of the transect 
. / 
precluded the full development of associated herbs such as Prunella 
vulsaris .• 
The 4 metre boundary therefore is real both biotically and 
abiotically. Associated with this sharp boundary situation and its 
surroun~ng area were some of the "Teasdale Rarities". 1he occurrence 
of such species as Totieldia_pusilla, Carex capillaria and P.lantaso maritima 
in this vigorous zone of transition is notewort~. This raised the 
question do soma of the rarities find suitable habitats in such unstable 
areas where a wealth of environmental variables mingle together? 
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B. INVESTIGATION OF A BOUNDARY SITUATION 
To investigate the possibility of' such boundary situations being 
a key habitat for the rarities, a different approach was applied to 
determine the character and significance of the sociological groupings, 
as well as delimiting these groups and their boundaries. To this end 
another transect was laid down the side of Slapestone Sike, as in the 
previous analysis, but the upper quadrats of this belt crossed calcareous 
grassland before entering the species rioh heath. 
The presence or absence of each species was recorded as before for 
each quadrat along the transect, there being 33 quadrats of dimensions 
25 x 25 om. 
The raw data was subjected to normal, inverse, and nodal analysis 
(Williams &: Lambert, 1959, 1961, and Lambert &: Williams, 1962). 
Normal ana1Ysis compares the homogeneity of quadrats based on their 
species content, and divides them into related quadrat groups. Using 
this method the quadrats were split into two groups which were as 
dissimilar as any two sections of the population could be with reference 
to a single species (see Figure 8). In this case the first division was 
based on Carex lepidocarpa (species reference No. 2). Those quadrats 
with this species (+2) went to form one group of 18 quadrats and those 
without (-2) formed the other group of the remaining 15 quadrats. 
The first group, typified by the presence of Carex lepidocarpa, 
occupied the lower part of the transect, being subject to periodic 
flooding, whereas the other group were above the level attained by 
floodwater. 
This divisive procedure was repeated, the group containing Carex 
lepidocarpa split into one large group of 16 quadrats containing Kcbresia 
simpliciuscula, and a small group of two quadrats without this plant. 
Similar~ the first group without Carex lepidocarpa was split 
Fis. 8 Slapestone Sike Transect (2) 
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according to the presence or absence of Rhytidiadelphus loreus and the 
resultant groups continually re-divided until the predetermined stopping 
level (p = o.os) was reached. 
Tho resultant eight groups of floristically defined quadrats 
theoretically formed meaningful ecological entities. 
Inverse analysis aimed at dividing the species data in order to 
produce sociologically meaningful groups. The manipulation of the raw 
data in this procedure was the same as for normal analysis, except that 
the species are treated as were quadrats, and the quadrats as were the 
speoies. Again eight groups were derived before the stopping level was 
attained, 
The combination of the floristically defined quadrats (from normal 
analysis) and the social groups of species (from inverse analysis) was 
advocated by Lambert &Williams (1962) to produce a nodal analysis. In 
nodal analysis the combination and re-defining of these two initial 
analyses, normal and inverse, produced a doubly defined set of units or 
noda of differing quantitative and qualitative definition. The noda are 
defined statistically as full noda, major sub-Iioda of high rank, major 
sub-noda of low rank, and minor sub-noda in descending order of signifi-
canoe • 
. In Figure 9 the quadrat groups have been arranged horizontally 
and the species groups vertically to clarity the relationships of the 
noda in general abstract terms. Two ma;Ln types of vegetation have been 
delimited in both sociological and spatial contexts. Type 1 is defined 
by the following tull noda:-
4/12' 4/1' 417 
These contained Junaus artiaulatus, Kobresia simpliciuscula, Carex 
paniaea and Carex lepidocarpa; all species typical of the Alpine sedge-
marsh Order !2!!!!2~!!!!!! and the last named species £• lepidocarpa is 
Fie;. 9 Slapestone Sike Transaot (2) 
Nodal Ana].ysis 
11 - ------nUADRATS 9 roup I R ref. SPECIES ref. p no. no. 12 4 I 5 I 21311' 8 I 6 I 7 8 10 11 14 1 2 3 5 6 13 7 9 4 15 16 18 19 i 23 24 2Q 2/ 22 17 31 32 25 26 27 28 29 3 JJ I 
4 KoaRESIA SIMPLICIUSCULA 
A 
I CAR EX PANICEA 
2C. LEPIDOCARPA 
l 3 J UNCUS ARTICULATUS 
~ EIJPRUNELLA VULGARIS 
. 14CAMPYLIUM STELLATUM 
B SCTENIOIUM MOLLUSCUM 
6POTENTILLA ERECTA 
GroM1NuARTIA veRNA 
li CLADONIA IMPEXA 
18RHACOMITRIUM LANUGINOSUM 
H19 Eau1SETUM VARI_e:;ATUM 
20PLANTAGO MARITIMA 
D 
21 RICCARDIA PINGUIS 
31PLEUROZIUM SCHRE8ERI 
.32CALLUNA VULGARIS 
26RHYTIOIADELPHUS SQUARROSUS 
9CAMPANULA ROTUNOIFOLIA 
2SPSEUDOSCLEROPODIUM PURUM 
f27THUIDIUM TAMARISCINUM 
, 4POLVTRICHUM JUNIPERINUM 
I 
I 
I 
···-·· _, t lr-7.'1,;% i~ll>fa 
1113/151 
rf 
I :-~2::1 ~ 1 ~ lw :6/23: 0 
~~-~1iij 
,_. 
I ~~~ I 
I I I 16 
I I I I I I 
l[~y~:J I 
----
I 29GAL IUM SAXATILE I I I .... - -
I 23RHYTIOIAOELPHUS LOREUS 
: CISTHYMUS DRUCEI 
22fESTUCA OVINA · 
12 SESL ERIA CAERULEA 
24HYLOCO""IUM SPLENDENS 
_____,,. 
---is 
-,. 
24 
/23 
___ , __ J._. 
I, II[ ~ II 28 
II ~1 
~ 28 
18 
a "charakterarten" of' the Alliance !~~~~~~~2!~~ of' that Order. 
The other extreme, type 2, was strongly defined by the noda:-
24; ' 24; ' 24; • 2.3 .31 28 
These contain Hylocomium splendens, Sesleria caerulea, Eestuoa oyina, 
Th.ymus druoei and, except in noda 2V.31, Galium saxatile with 
Rh3tidiadelphus loreus. This group of grassland species was rather 
heterogenous from the synsystematic viewpoint showing affinities to the 
Orders Seslerietalia,Nardetalia, or Brometalia. 
------------- ---------- ----------
A transition zone separated these two principal types and was 
characterised by many maJor and minor sub-noda and the absence of' full 
noda representative of either extreme type. 
These sub-noda constituted a distinct abrupt definable boundary 
zone directly comparable to the first transect, Figure 5, a zone of 
instability only 1 metre wide. Figure lO shows the noda superimposed 
on the actual transect. 
Lambert & Williams (1962} noted that minor sub-noda which were only 
weakly defined were best omitted. However, in this instance, their 
presence was obvious~ intrinsic to the nodal constitutions of' the 
communities, and\i' more particular~, to the boundary zone between them. 
Therefore they have been retained to form the focal part of the ana~sis. 
As the tull noda of the grassland vegetation type approached the 
boundary zone their social structure broke down until one minor sub-nodum 
remained, containing only Rb.ytidiadelphus loreus. This unit was inter-
mingled with a minor sub-nodum which resulted from a similar degradation 
of the full noda of the sedge marsh approaching from the other side ot 
the boundary. All the tension zone quadrats were therefore defined in 
weak fashion, and it was in the sub-noda of' these quadrats that certain 
species reached a level of statistical social significance. These 
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species include Bguiset~ variegatum, P.lantaso maritima and Minuartia 
verna. 
These are all members of the "Teasdale rarities" which are more 
widespread in the British Isles, being typical of open skeletal pioneer 
communities, Piantaso maritima, as a component of the Junoetalia Maritimae 
--------------------
of Saltmarsh, Eguisetum variesatum of the ~22~!!~!~:£!~!:!~!~-~!~!! 
of montane flush and dune slack, and Minuartia verna typical of the 
Violetalia Calaminariae of heavy metal spoil heaps. In this zone of 
-----------------------
instability they exist together in a closed community with complete 
plant cover. 
This phenomenon is not restricted to Slapestone Sike. Pigott 
(1956) described the chief habitat of Minuartia striata together with 
Minuartia verna and Saxifrasa aizoides as a narrow zone around the base 
of Gymaostomum recurvirostrum hummocks in open gravel flushes. Minuartia 
stricta also occurs along Red Sike on Widdybank Fell in a closed 
Br,yo~e turf which forms a distinct boundar,y zon~ between the flushed 
vegetation of the sike and the bank above the nor.mal level of flowing 
water. 
Perhaps the classic examples of boundary zone species are the mosses 
Paludella sguarrosa, Cinolidium stygium and cam'tothecium nitens. Although 
" widespread in the arctic (Nyholm 1954-65) their relict localities in 
Teasdale and elsewhere are typical of a transition zone between associ-
ation !~ico~!S!!!'!!!!! and the ~2t!!!~~!!· This is a zone of abrupt 
ecological transition where the nutrient poor came into contact with the 
nutrient rich and is indeed dominated by it. 
The effect of drainage in changing the water regime, thus leading 
to the disappearance of these species, has been used to explain their 
loss from many relict localities (Bella~ et al 196~. This upsetting 
of the balance would change the dynamics of the system and would lead 
to domination by one of the end state communities, with irrevocable loss 
or movement of the boundary habitat. 
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At this stage of the investigation the probable importance of 
boundary situations in the contemporary existence of the Teasdale rarities 
was therefore indicated. 
The importance of boundary situations was thus indicated. A discus-
sion of some of the more theoretical aspects will therefore be included 
here. 
These zonations or boundary areas bear directly on important aspects 
of community organisation, especially along apparently continuous 
environmental gradients. The position and social status of the peculiar 
species in the Teasdale assemblage is of relevance when considering their 
persistence in their present disjunct localities as well as delimiting 
more closely the phytosociological distinctions of the various community 
types. 
In the above study the boundary zones were considered as separators 
of adjacent systems or communities of differing constitution. Boundary 
definition used the full information s~ructure of both systems, and was 
dependent not only on the scale of the system, but also the scale of 
observation. 
Sharp vegetation boundaries have been referred to as ecotones, and 
diffuse boundaries as ecocline. The term ecocline has connotations of 
experimental taxonomy and the less ambiguous terms proposed by Van Leeuwen 
(1966) will be used throughout; Limes convergens denoting sharply defined 
boundaries, and Limes divergens, diftuse boundaries. 
These two extreme boundar,y forms are associated with characteristic 
vegetation patterns. The limes conversens shows coarse granulation and 
has sharp, easily discernible lines of demarcation (Plate IV) between the 
two opposing vegetation types. Characteristically this vegetation consists 
of large numbers of plants belonging to relatively taw species distributed 
in a relatively homo89neous manner. Although spatially stable, the lite 
circumstances in these areas have high degrees of temporal instability in 
PLATE IV A limes convermens situation 
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that there are great environmental fluctuations. ~amples of this 
general disturbance are fluctuations from wet to dry, salt water to 
fresh water, and nutrient poor to nutrient rich. Weed communities and 
salt marshes are often linked with this type of situation, these 
communities falling into the associations of the synsystematio classes 
of ~2§~!!!! Tx. and Prsg. 1950, and !!!!!:2::!..~!5!!!~!!!!!-~!~5!!!! 
Tx. 1954.-
The features of the limes convergens contrast strongly with the 
fine granulation and taint lines of demarcation typical of the limes 
diversens situation. These latter gradal situations tend to be rich in 
species, though only a few individuals of each species may be present. 
Internal conditions tend to be stable in that the plants are not subj ectad 
to massive or rapid environmental change. This type of boundary typically 
occurs as a gradual transition between two extreme end states and is 
commonly found in rich marshlands, dune slacks and scrubby moorland edges. 
Communities characteristic of these situations are not readily referable 
to synsystematical units, chiefly because these zones have been little 
studied from a synsystematical viewpoint due to their inherent hetero-
geneity. 
The location of many of the Teasdale rarities in boundar,y situations, 
both of the limes divergens and limes conversens typ,was evident from 
the above study. It is suggested that "limes" situations may have been 
important local refugia in the past during periods of climatic change 
and especial~ during the forest maximum. 
However the occurrence of certain rarities in homogeneous (and 
sooiologioally well defined) communities not directly referable to 
boundary situations ·remains to be investigated. Kobresia simplioiuscula 
as an integral component of a full nodum in the transect association 
analysis described above affords one such example. 
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It was therefore decided that the next step must include a more 
detailed stu~ of the vegetation to obtain a more rigorous definition 
of the communities, especially those which would for.m the focus of the 
production studies. 
PART III 
SELECTION OF COMMUNITIES FOR DE~ILED ECOLOGICAL STUDY 
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The occurrence of the rarities is not solely restricted to the 
boundary situations described in the previous section. These plants 
also appear as components of the major vegetation types. 
It was proposed therefore to conduct a more rigorous investigation 
into the types of vegetation found in a specific area with a view to 
a) determining classificatory units produced by a variety of 
methods 
b) comparing these units to determine their floristic and spatial 
interrelationships 
and o) correlating the relationships of the groups so produced with 
selected environmental parameters. 
The aim was to determine and delimit e:xaotly what units of 
vegetation Should be studied in the subsequent work. 
Availability of resources limited the scope of the investigation 
both in geographical and temporal aspects. Conflict arose between the 
need for observation, of a general nature over the whole valley, and 
specific, detailed analysis over a small area. 
A compromise was adopted, a site being selected which was spatially 
restricted, but containing many vegetation types. 
The traditional view of the community emphasises homogeneity and 
stability. Whittaker (1956) comments that it is impossible to substanti-
ate the e:xistence of homogeneity in plant communities by statistical means. 
More or less homogeneous communities are recognised by the trained 
eye of the plant sociologist (pars. oomm. R. Tflxe~, (Dahl and Hadac 1949). 
Minute floristic differences evidenced by certain species combinations 
are detected by the "sociological eye" (Looman 1964) which is developed 
by the "right intuitive feeling by experience". However it is difficult 
to detect homogeneity without the experience allowing the development of 
this "sociologisoher Blick" (Backing 1957). 
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Together with the subjective choice of stands and the distinguishing 
of vegetation units by a "process of successive approximation" (Poore 
1955), the conventional phytosociological methods have proved "a difficult 
pill to swallow" for many Anglo-American ecologists. 
The difficulty ot defining a general model for a wide range of 
applications and for all types of data, together with the advent of 
widespread computer facilities has resulted in a plethera of numerical 
classificatory methods. Initial vegetation sampling and classification 
(E'.D.P) 
'stopping' rules remain arbitrary, but electronic data processingAremoves 
subjective decisions from the synthetic stages. 
The following constraints were considered in data selection and 
processing. 
i) The raw data should reflect the attributes of the vegetation 
sampled in both spatial and social contexts. 
ii) The raw data should be eas1ly gathered in the field and should 
be devoid of approximations. 
iii) In the interests· of economy and the limitations of current 
E.D.P. facilities the population size and the number of 
attributes of each member of the population should each not 
exceed eighty. (In fact the population size, the species, did 
exceed 80 in this study and programmes were modified.) 
The Methods 
The methods used were chosen to demonstrate the affinities between 
the objects under consideration. These objects were either species or 
vegetation samples, quadrats. 
The methods selected were: 
i) Group Analysis 
ii) Association Analysis, Normal 
iii) Association Analysis, Inverse 
iv) Ward's Hierarchic Fusion Method 
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v) Iterative Relocation Procedure 
vi) Principal Components Analysis 
These were available as selected options in Wishart's CLUSTAN lA 
suite of programmes (1969>· 
The methods have a common aim in that clusters or goups of objects 
may be produced. 
Clustering is the systematic sorting of these objects, be they 
species or quadrats, into groups according to the computational rules of 
the method used. The resultant groupings will be referred to as groups 
or clusters throughout the text. 
The Site 
A site was selected that contained various floristic assemblages, 
characteristic of those described by Bradshaw and Clarke (1965) in a 
spatially +imited area. 
This area was located on the north west facing slope of Slapestone 
Sike, Widdybank Fell. The sike itself appeared to be the principal 
influence on the physical geography of the site. This small stream has 
its main drainage axis orientated in a general east-west direction and 
runs from the top of Widdybank Fall into the River Tees. In its short 
passage from the felltop to the river it cuts down through the Melmerby 
Limestone of the Lower Limestone Group, forming a series of small water-
falls. Immediately below this series the rate of descent slackens as 
the stream flows in the bed of a small valley. The study site was 
located on the side of this valley. 
Vesetation Sampling 
A grid was laid to enable systematic sampling. The location of 
this grid is shown in Figure 11, the grid being composed of a 10 x 8 
matrix of quadrats which were labelled as in Figure 12. 
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An important problem relating to vegetation sampling is the 
original ohoioe of' quadrat size. Changing the size or the quadrat can 
alter the magnitude or the measure or association between species and 
quadrats and may change the sense of' the association (Greig-smith 1964, 
Gimmingham 1966 and Yarranton 1966). Lambert and Williams (1962) 
proposed that the quadrat size should be large in relation to the plants. 
The quadrat size chosen was 2 x 2 m square. Not only was this area 
large enough to contain most species or the vegetation type in which the 
quadrat was situated but it also allowed efficient cover or a relatively 
large area in a short time. (To cover the grid area with 1 x 1 m square 
quadrats would have required three hundred and twenty quadrat&) 
The species present in each quadrat were listed and a comprehensive 
survey of the floristic assemblage was made. 
Presence and absence criteria alone were used, thus avoiding the use 
or subJective estimates of cover/abundance. 
Any plant not readily identifiable in the field was returned to the 
laboratory for investigation. The site was visited at various times or 
the year as certain species were more readily identifiable in flower or 
fruit. 
A raw table of the 89 species encountered ::x 80 quadrats was then 
drawn up. This matrix of 5,120 cells formed the basic data which was 
then subJ eo ted to analysis. 
-Environmental-Sampling. 
Grid toposraphy 
The grid was surveyed with an "Autoset11 level and a 25 em interval 
contour map was prepared (see Figurel3) 
Soil Sampling 
Soil cores were taken from each quadrat of the grid on the same day 
under uniform weather conditions and were returned to the laboratory for 
analysis. 
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Two cores were taken from every quadrat, eaoh being 7•5 em in 
diameter and 10 om in depth (soil depth allowing). 
The following ana~ses were carried out (see Appendix 1): 
i) Soil water content at time of sampling. 
ii) SoU organic content. 
iii) Exchangeable cations :~ Potassium MagnesiuDi 
~l Sodium Calcium Lead Zinc 
iv) Total cations ·~:~ Potassium Magnesium 
:l Sodium Calcium Phosphate 
Contour maps of some of these factors were drawn. 
Four extreme soil types were recognisable, each the product of its 
own peculiar geological or topographic features. These were: 
, i) Wet sugar limestone soils. 
ii) Dry sugar limestone soils. 
iii) Podsols derived from boulder clay. 
iv) Organic soils verging on 'fen' peat. 
Al~hough these extreme soil types were prevalent, intermediate 
types predominated to constitute a basically catenal situation. 
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A. ORDINATION 
( i) Direct Gradient Analysis 
(a) Linear Gradient Analysis 
A pH transect (Figure ~) indicated that major vegetation types 
could be separated on the basis of soil hydrogen ion concentrations, 
the sedge marsh was characteristic of zones exceeding pH 5.5, grassland 
between pH 4.5 - 5.5 and heathlands in areas below pH 4.5. However the 
two belts of grassland showed only superficial similarities to each 
other, thus demonstrating the limitation of linear analyses on a~ 
single chosen axis. 
(b) Multidimensional Gradient Analysis 
The complex relationships inherent in vegetation require multi-
dimensional methods of representation (Whittaker 1952, 1956, Greig-smith 
1964, Kershaw 1964). 
The most direct method of analysing vegetation is by sampling 
several independently derived environmental gradients using them as 
co-ordinates. 
T.he relationship between the quadrats on the grid were compared 
by direct gradient analysis with linear axes derived from soil moisture 
content (on the day of sampling), the percentage organic material of 
total soil sample by weight and exchangeable soil calcium. 
Although the above factors are not unrelated, they were convenient 
parameters and from initial observations and an~sis appeared closely 
related to vegetation types associated with them. 
T.he position of each quadrat, when plotted on these axes (Figure 15) 
indicated an almost continuous range of variation from a wet, organic 
soil with low calcium through intermediate stages to an extreme hign 
calcareous soil with little organic material. 
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A discontinuity separated off the dry calcareous quadrats on sugar 
limeston~, Nos. 51, 52, 61, 52 and 73. Does this discontinuity represent 
an artiract induced by the relatively large quadrat size (smaller quadrats 
may have "bridged that gap"), or does this disjunction emphasise the 
discrete and peculiar nature of the Teasdale sugar limestone soils? 
It is not implied that the distributions of quadrats in this three 
dimensional pattern of soil calcium, soil water and arsenic matter is 
functionally independent of plant communities, but that the measurements 
and ordination are derived independently from a consideration of vegeta-
tion pattern. 
The correspondence between the environmental and the floristic data 
may indicate the degree of validity of the respective analyses. 
The nearest neighbours floristically to quadrat 61 (from K-linkage 
lists preparatory to Principal Components Analysis, see below) were 
quadrats 63, 51, 62 and 73. The correspondence of this particular combi-
nation of quadrats was emphasised independently in the direct gradient 
analysis. Here a peculiar flora corresponds with the peculiar edaphic 
conditions • 
This coincidence between floristic and environmental attributes 
indicating a close relationship does not occur so clearly throughout the 
remainder of the ordination. 
In this case direct ordination was shown to be inadequate as it 
became apparent that the quadrats that were proximate, on a direct 
environmental ordination, ware not necessarily floristically similar to 
each other. This is perhaps a result of inadequate initial choice of 
axes. 
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(!i)-Indirect Gradient Analysis 
Let it be presupposed that the plants themselves are the best 
measure of the environment not only in terms of individual species 
response but also their distributional overlaps, that is, the pooled 
response of all the species performances. Then their mutual associations 
and interactions suggest that measurements of correlation or of associ-
ation would reveal natural aggregations. 
A technique of axis construction designed to achieve an efficient 
ordination of individuals is Principal Components Analysis. 
Principal Components Analysis 
This variant of factor analysis summarises the information content 
of a matrix whose elements, distances and angles define the spatial 
relationships b~tween ecological entities. 
The vegetation (quadrats) may be considered as a set of vectors in 
the vegetational space, if the dimensions are the species encountered. 
A continuum would be represented in this model by a single cluster of 
points representing the continuously changing community. 
If the points are clusters in several groups restricted to limited 
portions of the abstract space without intermediate points discrete 
community types may be recognised. These discrete communities may, 
however, be difficult to assess in terms of significance and definition. 
The problem is that there is no single way of objectively sub-
dividing such a model or validating the apparent clusters unless they are 
grossly isolated. 
The approach to the problem of investigating the relationships of 
the sample of vegetation encompassed within the grid was considered along 
the following path: 
i) Production of a principal components model. 
ii) Examination of the cluster(~) produced using a variety of methods 
to test validity of the group(s). 
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The Analysis 
The stand data of the grid was ordinated using options from 
CLUS~N lA suite of programmes (Wishart 1969). 
This entailed constructing a similarity matrix from which the 
principal component a:xes were valuated. The coefficient of similarity 
in this oase was a measure of the squared Euclidian distance between 
each pair of quadrats based on their species content. 
The percentage variance accounted for by each of the first five 
components together with their cumulative percentage variance is shown 
below: 
Principal Cumulative 
component % variance variance 
1 17.4. 17-4-
2 7.8 25.2 
3 5·4 30.6 
4 4·4- 35.0 
5 4.1 39.1 
The variance attributed to each of the first fifteen axes was 
represented graphically in Figure 16. The highest variance values were 
accounted for by the first and second axes and these produced the 
greatest spread or the quadrats based on their floristic content. 
The first two principal axes aooounted for 2~ of total variance. 
The distribution of the eighty quadrats on these two axes is 
shown in Figure 17. In general each quadrat was in relatively close 
proximi-ty -to- its geographical neighbour on the original gr:td and the 
whole oomp[e:x of quadrats constitutes a large cluster with local areas 
of high density but no major discontinuity. 
A picture emerges or a continuum of floristic variation with three 
main extremes represented by quadrats 80, 34- and 8. 
Individual species distributions and various edaphic characteristics 
were then considered in relatiGn to the principal component analysis. 
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A trend existed of high soil moisture to the right of the model 
with many quadrats with more than 5~ by weight of water in their soil 
(Figure 18). Whereas to the extreme left of the model there were 
quadrats of low moisture content. 
Soil organic content shows a similar distribution to soil moisture 
(Figure 19). 
Exchangeable calcium in the soil samples appeared to correlate with 
the second principal component, the hign values being restricted to the 
lower quadrats on the model (Figure 20). 
Three edaphic extremes are therefore recognisable on the model: 
(i) calcareous, dry soils with little organic content. 
(ii) calcareous, damp soils with little organic content. 
(iii) soils relatively low in calcium and high in organic material. 
Exchangeable potassium did not appear to be a maJor factor contri-
buting to or at least associated with the floristic variation encountered 
on the grid (Figure 21). 
A few species showed a wide tolerance and were found over the 
whole range of quadrats irrespective ot the edaphic properties. These 
species included Selaeinella selaginoides and Potentilla erecta, however 
most spe~ies were limited to particular quadrat groups, e.g. Tofieldia 
pusilla and Sesleria caerulea (Figure 22). 
Other species show a bimodality of occurrence with respect t~ this 
particular model, Kobresia simpliciuscula occurring at both wet and dry 
calcareous extremes. 
This heterogeneous area therefore constituted a vegetational 
continuum which could be correlated with certain environmental variables. 
Further the distribution of species in this continuum was not continuous 
and although certain species may have been restricted to certain portions 
of the model, it was difficult to determine clustering of discrete units 
ot quadrats. 
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The quadrats were therefore classified into discrete functional 
units more amenable to general description and consideration than the 
wide range of variables of the ill-defined continuum using the 
following mothods. 
B. CLASSIFICATION 
Monothetic Divisive Procedures 
These approaches were adopted first since each divisive step is 
diagnosed by the presence or absence of a particular species and thus 
provides a useful guide to delineation of the resultant groups. 
(i) Group Analysis 
Although a monothetic divisive procedure, this method attempts to 
locate groups of coincident species. Species gregarity, not homogenei~, 
is the main criterion used, the species richness being assessed in 
addition to floristic similarity (Crawford and Wishart 1967). 
The floristic composition of the 8 clusters resulting from this 
analysis is recorded in Table 3 where species occurring in more than 
3l% of a cluster are recorded. These groups will be considered in the 
discussion. 
The defining species of each cluster may be seen by referring to 
Figure 23. 
(ii) Association Analysis 
Association analysis accepts heterogeneity as commonplace if not 
universal, but is designed to abstract relatively homogenous groups by 
an objective statistical technique. This predilection to produce homo-
geneous units may lead to overclassification (Gittins 1965). Crawford 
and Wishart (1967) indicated that, where vegetation is changing rapidly, 
much of it could be expected to be in· a- transitional state and this · 
process may find homogeneity where it does not exist and result in over 
classification. 
Normal Analysis 
This entails dividing the total quadrat assemblage in groups of 
quadrats that are more homogeneous with regard to species content. 
2 
The ~ coefficient was used and Yate's correction, for small 
TABLB 3 
The floristic composition of clusters as segregated 
by Group Analysis 
(onli species with a presence of 3~ or more are listed) 
CLUSTER. 1 
Carez panicea 
Ctenidium molluscum 
Carez lepidocarpa 
Equisetum variegatum 
Potent:Ula erecta 
Euphrasia micrantha 
Juncus articulatus 
Prunella vulgaris 
Briophorum angustitolium 
Selaginella selaginoides 
Festuca rubra 
Pinguicula vulgaris 
Sagina nodosa 
CLUS~ 2 
Linum cathartioum 
Tortella tortuosa 
Anthoxanthum odoratum 
Cladonia arbuscula 
Campanula rotundifolia 
Selaginella selaginoides 
Sesleria caerulea 
Festuoa ovina '· 
Carex caryo~llea 
Tb_ymus druoei 
Potentilla ereota 
Plantago maritima 
CLUSTER 3 
Tl\Ymus druoei 
Carex panioea 
Fbtentilla erecta 
Buphrasia micrantha 
P.leurozium sohreberi 
Festuca oviD& . 
Selaginella selaginoides 
Galium sterneri 
Rbytidiadelphus loreus 
Hylocomium splandens 
Thuidium tamariscinum 
Cladonia chlorophea 
Equis,tum arvense 
?§ presence 
100 
100 
100 
100 
100 
100 
100 
95 
95 
85 
81 
76 
71 
100 
100 
100 
100 
100 
100 
100 
100 
80 
80 
80 
60 
100 
100 
100 
100 
100 
100 
100 
100 
66 
66 
33 
33 
33 
Cardamine pratansis 
Primula farinosa 
Eleocharis quinquetlora 
Carax capillaria 
Pbilonotis fontana 
Plantago maritima 
Tofieldia pusilla 
Anthozanthum odoratum 
TlJ.ymus drucei 
Kobresia simpliciuscula 
Carex pulicaris 
Linum catharticum 
Br~ pseudotriquetrum 
Carez panicea 
Galium sterneri 
Gentians verna 
Pleurozium schreberi 
Cornicularia aculaata 
Kobresia simpliciuscula 
Calluna vulgaris 
Hylocomium splendens 
Rbacomitrium lanuginosum 
Certraris islandica 
Polytrichum commune 
Viola canina 
Carex capillaria 
Carex pulicaris 
Agrostis tenuis 
Bellis perennis 
Campanula rotunditolia 
Carex lapidocarpa 
Prunella vulgaris 
Viola caniDa 
Trifolium repens 
Juncus squarrosus 
Calluna vulgaris 
Dioranum scoparium 
?§ presence 
62 
62 
52 
52 
52 
47 
42 
42 
42 
42 
38 
38 
38 
60 
60 
60 
60 
40 
40 
40 
40 
40 
40 
ltD 
40 
66 
66 
66 
55 
1M. 
1M. 
44 
1M. 
1M. 
33 
33 
" 
CLUSTER ;. 
Care:x panicea 
Juncus articulatus 
Euphrasia micrantha 
Selaginella selaginoides 
Thymus drucei 
Potentilla ereota 
Eriophorum anguatitolium 
Prunella vulgaris 
Festuca ovina 
CLUSTER 5 
Care:x panicea 
Euphrasia miarantha 
Selaginella selagincidas 
Thymus drucei 
Potentilla erecta 
Prunella vulgaris 
Festuca ovina 
Linum oathartiaum 
Ge.lium sterneri 
CLUSTER 6 
Festuca oviDa 
Potentilla ereota 
Selaginella selaginoides 
Cladonia arbuscula 
Pleurozium sahreberi 
Galium sa:xatile 
Calluna vulgaris 
CLUSTER 7 
Festuca ovilla 
Selaginella selaginoides 
AnthO:xanthUm odoratum 
Cladonia arbuscula 
Potentilla ereota 
Pieurozium sCbreberi 
Campanula rotunditolia 
Calluna vulgaris 
% presence 
100 
100 
100 
100 
100 
100 
as 
85 
85 
100 
100 
100 
91 
91 
66 
66 
so 
50 
100 
91 
91 
75 
75 
66 
66 
100 
100 
100 
87 
87 
75 
75 
75 
Ctenidium molluscum 
Care:x lepidocarpa 
Agrostis canina 
Care:x pulioaris 
Galium sterneri 
Care:x capillaria 
Bellis perennis 
Festuca rubra 
Carex lepidocarpa 
Care:x capillaria 
Ctenidium molluscum 
Viola oanina 
Eriophorum angustifolium 
Calluna vulgaris 
Kobresia simpliciusoula 
Care:x pulicaris 
Rbacomitrium lanuginosum 
Campanula rotundifolia 
Agrostis tenuis 
Rhytidiadelphus loreus 
Thymus drucei 
Sesleria oaerulea 
Care:x panicea 
.fWloaomium splendens 
Sesleria aaerulea 
Galium aa:xatile 
Kobresia simplioiusaula 
Koeleria aristata 
Linum cathartioum 
Th,ymus drucei 
Agrostis tenuis 
Viola lutea 
%presence 
71 
71 
71 
57 
57 
57 
42 
42 
4J. 
4J. 
4J. 
33 
33 
33 
33 
33 
33 
58 
sa 
58 
50 
33 
33 
33 
50 
so 
37 
37 
37 
37 
37 
37 
CWSTER 8 
Carex panioea 
Euphrasia miorantba 
SelagiDella selaginoides 
Festuca ovi.Da 
Potentilla ereota 
Pleuroz:l.um sohreberi 
T~s drucei 
Gal.ium saatile 
~idiadelphus loreus 
Campanula rotunditolia 
Polytrichum coDIIIIUil9 
% presence 
100 
100 
100 
100 
100 
100 
100 
83 
66 
50 
50 
Equisetum arvense 
Calluna vulgaris 
Agrostis tenuis 
Prunella vulgaris 
Junous squar.rosus 
~looomium splendens 
Trifolium repens 
Nardus striata 
Linum catharticum 
Desobampsia caespitosa 
% presence 
50 
50 
50 
'' 
'' 
'' 
'' '' 
'' 33 
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populations, was not considered necessary. The method follows that of 
Williams and Lambert's (1959) but division was automatically terminated 
at the eight cluster stage. 
The hierarchical division stages of the normal association analysis 
are illustrated together with their diagnostic species in Figure 24 and 
the resultant clusters are tabulated in Table 4. These results will be 
considered in the discussion. 
Inverse Association Analysis 
To complement the normal association analYsis and to produce 
doubly defined units an inverse association analysis was carried out on 
the same basic data. The same termination procedure was adopted as for 
the normal analysis, that 1s division ceased after the definition of 
eight clusters. Figure 25 illustrates these seven divisions of the 
species into eight species clusters. 
The groups produced by association analysis were complete in them-
selves, but it is an inherent limitation of the method that it gives 
little information about their relationships. Further details of the 
relationships between the groups obtained by normal and inverse analysis 
were obtained from a two-way table relating quadrat clusters to species 
cluster. Table 5 is composed of cells derived horizontally by sets of 
species delimited by the inverse analysis and vertically by groups of 
quadrats derived by normal analysis. {see sleeve_for Table 5). 
The cells themselves could then be identified directly by the 
reference letters and numbers of their definitive species and quadrats. 
These cells are entities in their own right and form the basis of a new 
and modified matrix which will be considered later. 
TABLE lt 
The floristic composition of clusters as segregated 
by Normal Association Analysis 
(only species with a presence of 3JS or more are listed) 
CLUSTER 1 % occurrence % occurrence 
Carex 1epidocarpa 
Prunella vulgaris 
Ctenidium molluscum 
Carex panioea 
Potentilla ereot·a 
Eriophorum angustito1ium 
Euphrasia .miorantha 
Pinguicula vulgaris 
Festuoa rubra 
Equiaetum variegatum 
Juncus artioulatus 
Se1aginella se1aginoidas 
CLusTER. 2 
Festuoa ovilla 
Campanula rotundifo11a 
Selagine1la selaginoides 
Carex panioea · 
Cladcmia arbusoula 
Ses1eria oaerulia 
Thymus druoei 
Linum oathartioum 
POtentilla erects 
Ga1ium sterneri 
PJ.eurozium sahreberi 
Plantago maritima 
Carex oaryophyllea 
CWSTBR 3 
100 
100 
100 
100 
100 
100 
100 
100 
94. 
94. 
94. 
8l 
100 
100 
100 
100 
100 
100 
100 
100 
72 
72 
72 
72 
57 
Ses1eria oaerulea 100 
~s druoei 100 
Festuca oviDa 100 
Carex panioea 100 
Se1aginella selaginoidss 100 
Kobrasia sfmPlioiusoula 100 
Euphrasia miorantha 80 
Rhaoomitrium lanuginosum · 80 
Linum oathartioum 80 
Viola canina 60 
Sagina nodose 
Primula tarinosa 
Eleocharis quinqueflora 
Piantago maritima 
Tofie1dia pusilla 
Card8m1na pratensis 
Agrostis oanina 
Kobrasia simp1ioiuscula 
Philonotis fontana 
Br~ pseudotriquatrum 
Carex capillaria 
Anthoxanthum odoratum 
Tortalla tortuosa 
Calluna vulgaris 
Anthoxanthum odoratum 
Gentians verna 
Kobresia simp1ioiuscula 
Polytrichum commune 
!V'1ocomium sPlendans 
Buphrasia .micrantha 
Cornicularia aouleata 
Viola aan:lna 
Gal.ium saxatile 
Rhaoomitrium lanuginosum 
Gentians verna 
Heliathemum ohamaeoistus 
Anthoxanthum odoratum 
Carax caryophyllea 
Prunella vUlgaris 
Carex 1epidooarpa 
Galium stemari 
Nardus striata 
Calluna vulgaris 
75 
69 
69 
56 
56 
56 
50 
50 
44 
38 
38 
38 
57 
57 
57 
57 
57 
57 
57 
43 
43 
4.3 
43 
4.3 
60 
60 
60 
60 
40 
4D 
4D 
40 
40 
CLUSTER 4. 
" occurrence 
~us drucei 100 
Caru panioea 100 
Selagine11a selaginoidas 100 
Potentil1a ereota 100 
Festuca oviD& 100 
Euphrasia micrantha ~ 
Agrostis tenuis 68 
Bhytidiacle1phus squarrosus 68 
PJ.eurozium schreberi 68 
Hy1ocomium splendens ,58 
CLUSTER. 5 
PotentU1a ereota 
Carex panicea 
Eriophorum angustit'o1ium 
Selaginella selaginoides 
· Euphrasia micrantha 
Prunella vulgaris 
Ctenidium molluscum 
Tiumus drucei 
Carex lepidocarpa 
Junous articulatus 
carex capillaria 
Agrostis canilla 
CWSTER. 7 
Ca~ capillaria 
Carex panioea 
Carex lepidccarpa 
Euphrasia miorantha 
Potentilla e~cta 
Ctenidium mollusaum 
Thymus drucei 
Selaginella selaginoides 
Kobresia simpliciuscula 
Linum catharticum 
PruQ.ella vulgaris 
Sagina nodosa 
.Tofieldia pusilla 
BliPD pseudotriquetrum 
Piilguicula vulgaris 
P.Lantagc maritima 
Juncus artioulatus 
100 
100 
100 
100 
100 
93 
93 
86 
79 
79 
72 
72 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
% occurrence 
Equisetum arvense 
Gel.ium suatlle 
Galium sterneri 
Juncus squarrosus 
Viola oanina 
Prunella vulgaris 
Campanula rotundit'olia 
Carex capillaria 
Carex pulioaris 
Galium sterneri 
Cardamine pratensis 
Equisetum variegatum 
Festuca rubra 
Sagina ncdosa 
Bellis perezmis 
Peltigera apthcsa 
Festuca ovina 
Phllonotis tcntaD& 
Linum oatharticum 
Carex pulicaris 
Festuca rubra 
Juncus trisJ.,umis 
Riocardia pinguis 
Cardamine pratensis 
Tortalla tortuosa 
Hypnum cupressit'o:nne 
Cirsium palustre 
Equisetum variegatum 
Pseudoscleropodium purum 
Campanula rotunditolia 
Calluna vulgaris 
Bellis perennis 
Rbytidiadelphus 1oreus 
Pleurozium schreberi 
Festuoa ovina 
.53 
4.7 
4.7 
4.7 
37 
37 
37 
37 
64. 
.50 
.50 
.50 
4.3 
4.3 
4.3 
36 
36 
36 
36 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
CLUSTER. 8 ?§ occurrence 
Festuoa ov:lna 
Se1agiDella se1aginoides 
P1eurozium sCbreberi 
Cladonia arbusoula 
Calluna vulgaris 
Potentilla erecta 
Campanula rotundif'o1ia 
CWSTER. 6 
Sealeria caerulea 
C1adonia arbuscula 
Festuca ovina 
Linum catharticum 
Potentilla erecta 
Kobresia simpliciuscula 
Anthoxanthum odoratum 
Selaginslla se1aginoidas 
Gal.ium sterneri 
100 
100 
100 
100 
100 
100 
83 
100 
100 
100 
100 
100 
80 
80 
80 
60 
Gal.ium suatUe 
Agrostis tenuis 
~idiade1pbus 1oreus 
Koe1eria cristata 
Anthoxanthum odoratum 
Hy1ocomium splendens 
Campanula rotundif'o1ia 
P1eurozium schreberi 
Ca1.1una vulgaris 
Gentian& verna 
Tortella tortuosa 
Th3mus druoei 
Carex car,yo~11ea 
Certraria islandioa 
% occurrence 
75 
58 
50 
42 
42 
33 
60 
60 
60 
4D 
4D 
40 
4D 
4D 
< 
, .
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C. POLY'l'HETIC AGGLOMERATIVE METHODS 
( i) Ward' a Hierarchic Fusion Method 
In the analysis of the grid data us·ing this method (Wishart 1969) 
there were initially 80 clusters each representing a single quadrat. 
In each of (80-1) fusion steps those two clusters which were most 
similar were fused. 
The initial measurement of 'similarity' between the quadrats was 
·derived from a coefficient of squared Euclidean distance. Each quadrat 
was represented by a point in an 89 dimensional Euclidean space (there 
were 89 attributes or species) whose co-ordinates were the values of the 
89 variables. The Euclidean distance between any two points is an 
accepted measure of the similarity between those two points (quadrats). 
The 79 fusion steps are illustrated in Figure 26. A computer 
printout of the eight cluster stage was obtaine~ but these groups are 
not reproduced here as they were submitted to· a refining procedure, 
"Iterative Relocation". 
(ii) Iterative Relocation Procedure (Wishart 1969) 
The eight clusters derived from the Ward's analysis were used as 
the st~rting point. 
During one relocation scan each quadrat was considered in turn and 
its affinity with each of the eight clusters was computed. Where the 
similarity between a quadrat and its parent cluster was not so great as 
the similarity between that quadrat and an adjacent cluster, then the 
program moved that quadrat to the new cluster. The oentroids of the two 
clusters involved were recalculated to allow for this change. 
The population was repeatedly scanned until no quadrats were 
relocated during one full scan, at which stage a local optimum for the 
eight clusters had been obtained. 
To compensate for the possibility of overclassification, i.e. the 
Fis. 26 Ward 1 s Hierarchic Fusion Method dendrogram 
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eight clusters may have been an oversensitive result not necessarily 
meaningful in an ecological context, a fUsion procedure for the clusters 
was adopted using the iterative relocation program. 
The similarities were computed between all pairs of clusters and 
those two which were the most similar were fUsed, thereby reducing the 
classification to seven clusters. 
The relocation phase was repeated, and a local optimum for the 
seven clusters was obtained. These fUsion and relocation phases were 
repeated until o~ one cluster remained. 
Computer printouts were obtained listing the species composition 
of the clusters at each local optimum. These will be discussed later. 
D. DISCUSSION OF RESULTS OF ANALYSIS 
The grid has been examined by a variety of metpods. It remains 
to test the validity of the clusters derived from these methods. 
(i) Comparison of Cluster Analyses Results 
Initia~ the clusters derived from the various analyses were 
compared on theoretical grounds alone before consideration of the 
ecological and sociological implications. 
The relationships between the olusters derived from different 
analyses were simply demonstrated by a consideration of the quadrats 
that composed the respective clusters. Matrices were constructed that 
indicated how the quadrats contained within each cluster of oDe analysis 
compared with those delimited in another. 
In no case did clusters derived from the normal association analysis 
coincide exactly with that obtained from the group analysis (Figure 27). 
Although both methods are monothetic divisive procedures the group 
analysis tends to form groups of wider ecological amplitude than the 
relatively homogeneous units derived from association analysis. 
There was a greater similarity between the groups obtained by the 
two polythetic agglomerative procedures even though one method (Figure 28) 
was basad on a measure of interstand distance and the other was a method 
of delimitating spheroid olustars. 
The correspondence between the association analysis and the results 
of the iterative relocation procedure was closer than that between the 
two divisive methods but not as close as the similarities of the results 
from the two agglomerative methods (Figura 29). 
The arrangements of the groups of quadrats on the ground map of 
the grid show the fragmentar,y natura of the group analysis clusters as 
compared to the more extensive quadrat groups shown by the association 
analysis (Figura 30) and the relocation 8 cluster stage (Figura 31). 
Fig. 21 Relationships between the Clusters derived from 
Normal Association Analysis and Group Analysis in 
terms of common quadrats 
GROUP ANALYSIS 
CLUSTER 
NO. 1 4- 3 5 6 7 2 8 
1 15 1 
5 5 6 3 
7 1 + NOBMAL 
ASSOCIATION 2 1 2 1 2 
ANALYSIS 
4 7 3 5 
8 7 5 
6 1 2 2 
3 3 1 1 
FifS• 28 Relationship between the Clusters derived from the 
Iterative Relocation Procedure and Ward's Method in 
te~s of common quadrats 
RELOCATION 
CLUSTER 
NO. 1 2' 3 4 5 6 7 8 
1 11 
2 l 12 
3 6 
WARD'S 4 4 1 
METHOD 
5 5 14- 1 
6 8 2 
7 11 
8 l 3 
F~. 22 Relationship between the Clusters derived from the 
Iterative Re1ooation Procedure and Normal Association 
Analysis in terms of common quadrats 
RELOCATION 
CLUSTER 
NO. 1 2 3 4- 5 6 7 8 
1 12 4-
5 7 6 1 
2 1 1 
NORMAL 4- 5 :u.. 
ASSOCIATION 
ANALYSIS 3 2 3 
7 3 
8 12 
6 2 3 
I. 
Fig. 30 The arrangement of the quadrat groups derived from 
Group Analysis and Association Analysis on the grid map 
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Pis. ;a The arrangement of the quadrat groups derived 
from Relocation atter Ward's Analysis 
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The above analysis gave an indication as to the relative similarities 
between the results of the various methods, but gave no indication of 
the definition of each cluster. Definition, in this context, is taken 
to ~PlY a combination of two factors. The first pertains to the 
insularity of each cluster. What is the degree of overlap it any with 
other groups? The second is a reflection of the range of variation 
encountered within each group, the within group heterogeneity. 
Crawford and Wishart (1968) have described a means of representing 
the variance both within and between the terminal groups by an ordination 
procedure. 
The principal components analysis as previously described was used 
as a base graph. The points on that graph which correspond to those 
quadrats of a particular group or cluster oan be compared with the points 
obtained from another group, since the within group heterogeneity and 
between group homogeneity is demonstrated by the spread and affinity ot 
the points. This may be shown symbolical~ by plotting a circle tor each 
group whose centre is the mean position of the group's points and the 
radius the standard deviation of the points' radii from the grOQp mean. 
It follows that providing the efficiency ratio is reasonab~ hisn, the 
size of each circle provides an indication of the heterogeneity of the 
corresponding group while the distance between circles shows the groups' 
mutual homogeneity. 
The efficiency ratio is equivalent to the percentage of variance 
whioh is explained by the plane of the graph. In the principal components 
analysis, the first two axes accounted tor 2~ of the variance, a not 
unusual level in vegetation analyses, indicating that the plane of the 
graph is a suitable base. 
It follows that the smaller the diameter of each group's circle and 
the greater the distance separating them, the better the classification. 
A program was used (Wishart 1969) that enabled direct plotting by 
computer with the use of an on-line digital plotter. 
The eight clusters produoad by each of the classifioator,y 
techniques were put to this form of analysis and the resultant graphs 
are represented in Figures 32 and 33. Each cluster is diagnosed 
according to its original reference number. 
When the normal association analysis clusters are compared with 
the group analysis clusters it becomes apparent that the variation 
between the groups is maximised (distance between circles) and the 
variation within the groups minimised (radii of circles) in the former, 
while the latter presents a view of a more diffUse conglomeration of 
groups. 
The superiority of the polythetio agglomerative techniques becanes 
apparent when Figure 33 is examined. Ward's method showed eight groups 
with minimum within group variation and maximum between group variation, 
indicating a good classification. 
The relocation procedure, although producing a more exacting classi-
fication from a theoretical point of view, did not approach the clarity 
ot the Ward's method groups when illustrated on the plane between 
principal components one and two. 
The progressive resolution of the eight relocated clusters during 
the agglomerative procedure from the six cluster stage to the four 
cluster stage is illustrated in Figure ~. 
It is apparent that at the three cluster stage the variation 
between groups is maximised and from a genetic point of view three main 
types of vegetation are concerned, clusters 1, ~ and the fusion product 
of 6 and 7. However at this stage the variation within each group is 
maximised as indicated by large diameter circles and in fact a reasonable 
compromise is attained in the six cluster relocation phase where there 
are three pairs of clusters, each cluster with minimum internal variation, 
but each pair relatively disjunct from its neighbours. 
• 
• 
• 
• 
• 
Fis. 32 Ordination of sroups obtained by Normal Association 
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Fig. 33 Ordination ot groups obtained by Normal 
Association Ana1Ysis and Relocation 
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On the above criteria alone it would appear that the six cluster 
relocation phase is the optimal solution to the classification of the 
grid in terms of discrete homogeneous groups of quadrats. However the 
normal association analysis eight cluster stage did not present an 
incoherent picture and the two-way table derived from both the normal 
and inverse analysis provides an equally powerful classification with 
the added advantage that each of its units is distinguished by a 
characteristic species and quadrat. 
The 6 Clusters derived by Iterative Relocation 
Each quadrat was identified by a cluster code and the resultant 
locations of the clusters of quadrats on the first two principal compo-
nent axes is shown (Fig. 35). 
The three different symbols in Fig. 35 represent the groups at the 
three cluster stage. The differential shading within each group of 
symbols serves to separate the pairs of clusters that subsequently fused 
at the three cluster stage. 
Eaoh cluster oe thiLSix clusters (Table 6) in turn w111. be con-
sidered in terms of its biotic and abiotic characteristics. Short notes 
are added indicating the general synsystematic affinities of these groups. 
The comparisons with the continental ~tosooiological groups are 
tentative only as (a) the methods used were not those standard continental 
phytosooiological practice (Braun Blanquet 196~) and {b) the phytosocio-
logioal nomenclature is generally derived from the description of 
associations from the European mainland and phytogeographical differences 
on particular communities no doubt occur across its range. 
Cluster 1 
The eleven quadrats of this group were characterised by a wetland 
flora, having high percentage occurrences of Eriophorum ansustifolium, 
Juncus articulatus, Eleocharis quinqueflora and Pinguicula vulgaris. 
Fig. J5 Ordination and map of the component quadrats of 
the 6 Clusters derived by Relocation 
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TABLE 6 
The floristic composition of clusters at the six cluster 
stage as segregated by the Iterative Relocation Procedure 
CLUSTER. 1 % occurrence % occurrence 
Carez lepidooarpa 100 Anthozanthtim odoratum 50 
Prunella vulgaris 100 ~ pseudotriquetrum 42 
Ctenidium molluscum 100 1ia epipb.ylla 42 
Carez panicea 100 Philonptis fontana 33 
POtentilla erecta 100 Leontodon hispidus ., :o..u ·rc·-. '"'-., 25 
Eriophorum angustifolium 100 Junous trigl.umis 11 17 -25 
Euphrasia miorantha 100 Carex capillaria 25 
Festuca rabra 100 Deschampsia oaespitosa 17 
Equisetum variegatum 100 Plantago lanoeolata 17 
Juncus artioulatus 100 Linum oathartioum 17 
Pinguicula vulgaris 100 Rumex acetosella 17 
Eleocharis quinqueflora 92 Thymus drucei 17 
Sagina nodosa 83 Riccardi& multifid& 17 
Selaginella selaginoides 75 Carez pulicaris 17 
Kobresia simpliciuscula 67 Preissia quadrate 8 
Plantago maritima 67 Lophocolea bidentata 8 
Primula farinosa 67 Bellis perennis 8 
Tofieldia pusilla 58 Junous squarrosus 8 
Cardamine pratensis 50 Carez eohinata 8 
Agrostis oanina 50 Rhaoomitrium lanuginosum 8 
CLUSTER 2 
Carex panioea 100 Sagina nodosa 50 
Ctenidium molluscum 100 Bellis perennis 50 
Selaginella selaginoides 100 Philonotis fontana 4.5 
EUphrasia miorantha 100 Linum cathartioum 45 
Potentilla ereota 100 Gslium sterneri 39 
Eriophorum angustifolium 95 Carex echinate 33 
Prunella vulgaris 89 Tofieldia pusilla 33 
T!J.ymus dru.oei 83 Pinguicula vulgaris 28 
Carex lepidocarpa 83 Primula farinosa 28 
Juncus artioulatus 7B Plantago maritima 28 
Carex capillaria 78 Peltigera apthosa 28 
Carex pulicaris 72 Festuoa ovina 22 
Agrostis oanina 61 Pleurozium sohreberi 17 
Equisetum variegatum 61 Juncus squarrosus 17 
Cardamine pratensis 56 Carex dioioa 17 
Festuoa rubra 56 Br~ pseudotriquetrum 17 
Riooardia pinguis 17 Le ntodon hispida~ (uL'-;, .... ~fll._o:. ";~···"~ 6 
Juncus trigl.umis 17 Preissia quadrat& 6 
Anthozanthum o4oratum 17 Kobresia simplioiusoula 6 
Riooardia multifid& 11 Dioranum bon.jeani 6 
Ranunoulus aoris 11 Rhaoomitrium lanuginosum 6 
Deschampsia oaespitosa 11 Lotus cornioulatus 6 
Carez nigra 11 Bhytidiadelphus loreus 6 
Cladonia ohlorophea 11 Bu~chium prolongem 6 
Calluna vulgaris 11 HYlooomium splendens 6 
Nardus striata 6 Fissidens adianthoides 6 
• 
CLUSTER 4 % occurrence % occurrence 
~s drucei 100 HYPnum oupressitorme 22 
Festuca ovina 100 Gentians verna 22 
Euphrasia miorantha 100 Linum oatharticum 22 
Selaginella selaginoides 100 Carax dioioa 22 
Carex panicea 100 Viola c~njna f-\\JW•,!•. ,> 0.. ( ol.\ :" f) 22 
POtentilla erects 100 Equisatum arvense 22 
Carex lepidocarpa 89 Seslaria caerulea 22 
• 
Prunella vulgaris 89 Hylooomium splendans 22 
Carax capillaria 78 Plantago lanoaolata 11 
Gal.ium ste:rneri 67 P.laDtago maritima 11 
Pleurozium schreberi 4,5 Lycopodium clavatuDi ~ .~: ... , 6J ·-·· ~:· 11 
Campauula rotunditolia 4,5 Agrostis canina 11 
Carex pulioaris 33 Galium saxatile 11 
fritolium repens 33 La onto don hispida -: -.::.·-• · ~\ · · -, · · c, 11 
Rhaoomitrium lanug:l.nosum · 33 Tortalla tortuasa 11 
~idiadelphus loreus 33 Philonotis fontana 11 
Nardus striata 33 BrJUm pseudotriquatrum ll 
Thui~ium tamariscinum 33 Cirsium ~ssactum ? ~r~~~ 11 
Agrostis tenuis 33 Pseudosclaropodium purum 11 
Cal1WJa vulgaris 33 Eriophorum a~stitolium 11 
Bellis perennis 33 Juncus articulatus 11 
Kobresia stmplioiusaula 33 Cladonia cblcrophea 11 
Cardamine pratense 22 Polytriohum COIIIIDJ1De 11 
Ctenidium molluscum 22 Prtmula f'arinosa 11 
Ranunculus aoris 22 
CLUSTER. 5 
~us dl"'lcei 100 Bellis perennis 22 
Festuca ovina 100 Polytrichum commune 22 
Selaginella selaginoides 100 Calluna vulgaris 22 
Carex panicea 100 Prunella vulgaris · 22 
Potantilla eracta 100 fhuidium tamariscinum 14 
Rh1tidiadalphus loreus 86 Hypnum auprassitorme 14. 
Agrostis tanuis 79 Cara:x capillaria 14. 
Euphrasia miarantha 79 BQtrychium lunaria 14 
Plaurozium sohraberi 72 Linum aatharticum 14 
Juncus squarrosus 64. Desobampsia oaespitosa 14 
~locomium splendens 6q. Pseudosolaropodium purum 14 
Galium saxatila· 57 Carex pulioaris 14. 
Bquisatum arvense 57 Plantago maritima 7 
Viola C@.nina ,- ·, v ~ , .. , ~ (!!..~"\.... 4.3 Nardus striata 7 
Campanula rotunditolia 36 Dioranum bonjaani 7 
Galium sterneri 36 Carex dioica 7 
Cladonia chlorophea 36 Certraria islandioa 7 
Trifolium rapens 29 
CLUSTER 6 
Festuoa ovina 
Sesleria oaerulea 
Linum oatharticum 
Selaginella selaginoides 
Tl\YmUs druoei 
Cladonia arbusoula 
Anthozanthum odoratum 
Potentllla ereota 
Campanula rotunditolia 
Kobresia simplioiusoula 
Carex panicea 
Gelium sterneri 
Carex oaryoph.yllea 
Gentians verna 
Calluna vulgaris 
Plaurozium sohreberi 
Tortella tortuosa 
Bhaoomitrium lanuginosum 
Plantago maritima 
% occurrence 
100 
100 
100 
Viola oanlina ,:-.v· .. ~;cw,.t, · · · · 
93 
80 
80 
73 
73 
73 
73 
67 
60 
60 
53 
53 
53 
47 
47 
40 
40 
33 
33 
27 
Polytr:fohum OOJIID1UJ19 
Euphrasia micrantha 
Cert~ria islandica 
CWSTEB. 7 
Festuoa ovina 
Salaginella selagincides 
Pleurozium.sohreberi 
Cladania arbusoula 
Calluna vulgaris 
Potentilla erecta 
Campanula rotunditolia 
Ge.lium sa:xatlle 
Agrost:i.s tenuis 
~idiadelphus loreus 
Koeleria cristata 
Anthoxanthum odoratum 
~locomium spl.Snd.ens 
Sesleria oaerulea 
Polytrichum commune 
100 
100 
100 
100 
100 
100 
84 
15 
58 
50 
42 
42 
33 
25 
25 
% occurrence 
Hylocomium splendens 
Ge.lium saxatUe 
Trifolium repens 
Cornicularia aculeata 
Agrostis tenuis 
Prunella vulgaris 
Polygala atmara .i- •• ,,t- ,. :.-~?. · 
27 
27 
20 
20 
13 
13 
13 
13 
13 
13 
13 
Hieraoium pUoaella 
Luzula sylvatica 
Rbytidiadelphus loreus 
Carex pulicaris 
Pinguicula vulgaris 
Carex capillaria 
Ditriohum tlexicaule 
Plantago lanoeolata 
Primula farinosa 
Junaus articulatus 
Ge.lium boreala 
Preissia quadrats 
Bellis perennis 
Gentianella amarella 
Helianthemum ahamaeoistus 
Desohampsia aaespitdsa, 
Viola lutaa 
Tb.vJnus drucai 
Dioranum scoparium 
~ oupressitoma 
Ge.lium sternari 
Polygala serp~ifolia 
Empetrum DigrtJm 
Luzula sylvatica 
Carex oaryophyllea 
Helianthemum chamaecistus 
Gentians verna 
Gentianella amarella 
ihuidium tamariscinum 
Trifolium repens 
7 
7 
7 
7 
7 
7 
77 
7 
7 
7 
.., 
7 
25 
25 
17 
17 
17 
8 
8 
8 
8 
8 
8 
8 
8 
8 
• 
,, 
The rarities were well represented in this cluster not only in 
terms of numbers of species but also their frequency of occurrence. 
These included !quisetum variegatum (occurring in 10~ of quadrats), 
Kobresia simpliciuscula (67%), Plantago maritima (67%), Primula farinosa 
(67%), Tof'ieldia pusilla (58%) ,.,_Juncus trisJ.umis (2.5%) and Carex 
capillaria (2.5%) • 
These_quadrats were located at the lowest end of' the grid and, 
being nearest the sike, were subjected to periodic and intense flooding 
which removed much of' the organic material from the "soil" and deposited 
calcareous gravels in its place. This ef'f'ect is shown by referring to 
the grid map of' Exchangeable Calcium (Fig. 36) and organic material 
(Fig. 37). 
Synsystematically the vegetation of these quadrats appeared to be 
related to the Class !~~21!~~~~~2.!~· Class characters present 
were Eriophorum ansustif'olium and in the immediate vicinity in the same 
community but not on the grid Trig1oohin palustre and Drepanocladus 
revolvens. 
Within this Class the vegetation could be further related to the 
Order Tof'ieldietalia, Preisg. apud Oberd. 49. by the presence of' 
--------------
Eguisetum variesatum, Carex capillaria and nearby Juncus alpino-articulatus 
and Scorpidium scorpicjles. The high presence of Carex lepidooarpa, Eleooharis 
guinguam.ora, Primula farinosa and Selaginella selaginoides enabled this 
group to be referred to the Alliance £!~~2~~~!!!!!!!2!! Klika 34. 
Thi~ sedge marsh group also contains such species as Rumex acetosella, 
Dasohampsia caespitosa, Cardamine ~atensis, Festuca rubra, Leontodon 
· hispidus and Prunella vulgaris. These species are indicative of the Class 
Molinio-Ar.rhenatheretea, Tx. 37, but maey other character species of this 
-----------------------
grassland class are absent. 
Distribution of Exchangeable Calcium on grid 
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Cluster 2 
'lbe same w.etland species as in the previous cluster occur in this 
group of' 19 quadrats though the frequency of' their occurrence is 
generally lower. More grassland species were found in this group, 
Festuca ovina and R9Ytidiadelphus loreus. 
The rarities present in Cluster l were all present in this cluster. 
All had lower frequencies of occurrence with the exception of Carex 
capillaria. 
The synsystematios were as for cluster 1, but the affinity to the 
Class Molinio-Arrhenatheretea was developed further as witnessed by the 
----------------------- . 
introduction of the above Bryo~e. 
This group was further from the scouring end flushing effects of' 
the sike and organic material has acoumulated in the soil (up to 80%) 
and exchangeable Calcium reduced to between 0.1 and 0.2 meq/100 cc soil. 
The higher organic content of the soil resulted in a high water retention 
as illustrated in Fig. )8. 
Cluster l,. 
This cluster of eight quadrats shows a further reduction in the 
character species of the Tofieldietalia and an increase in the importance 
--------------
of' species which typify group 5 below. 
Rarities present hlclude Carexcapillaris, Kobresia simplioiuscula, 
Gentiana verna and Plantago maritima. 
This group's soil samples indicated a lower calcium level (less 
than 0.1 meq Ca/100 cc soil) than the preceding group and also a reduction 
in organic content. 
Cluster 5 
This cluster of' 15 quadrats contained f'ew rarities, only Carex 
capillaria and Plantago maritima. 
Fig. 38 
• 
Distr:ibution of soil water "under normal conditions" 
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This vegetation was referable to the ~!~~2:E!!!!2~ Preisg. 49. 
This vegetation was typified by the Class characters of the ~!~~= 
~..!~~t~ Preisg. 49 and the Order characters of the ~!~!!!~!! 
-(Oberd '49) Preisg. 49, namely Potentilla ereota, Nardus striata and 
Botryohium lunaria. The Alliance character species present were 
Polygala serpylifolia, Viola canina, Galium saxatile, Junous squarrosus 
and Thymus drucei. 
Exchangeable calcium levels were relatively low in this group (less 
than 0.1 meq per 100 co coil) with variable organic content. 
!gis grades into the heath vegetation of cluster 7. 
Cluster 7 
The vegetation of this area appeared ver.y heterogeneous but was 
referable to the Vaocinium myrtillus heath described by Bridgewater 
(1970), as typical of Northern Britain and Upland Wales. 
The only rarity present was Gentiana verna and this with only low 
frequency. 
This dwar.f shrub heath graded away into Cluster type 6. 
Cluster 6 
This collection of quadrats was located on steep slopes of friable 
sugar limestone outcrops and was characterised by high exchangeable 
Calcium (greater than 0.30 meq/100 cc soil) and low organic content 
(less than 2Q%). Where the surface mat of vegetation was damaged due 
to trampling considerable wind erosion had occurred. 
This sugar limestone grassland was rich in the rarities. These 
included Kobresia simpliciusoula, Gentiana verna, Plantago maritima, 
Carex capillaris and Primula farinosa. 
This vegetation was typical of the association ~!~!!~!~:£!~!2!~~ 
fYI-!2!~!! Shimwell 1969. 
The association was comparatively poor in character species or the 
45 
Seslerio Mesobromium due partly to the gregarity of Sesleria caerulea. 
--------------------
Only Helianthemum chamaecY.stus was present on the grid and Poterium 
sanguisorba and Helictotrichon pratense were found in 
vegetation nearby. 
Shimwell (196\) emphasised the intermediate nature of the ~!!!!~!~: 
~~~2!~~!~!~!! lying between the southern l~wland grasslands of the 
Festuoo-Brometea Br. Bl. & R. Tx. 43 and the arctic-alpine grasslands of 
----------------
the ~!~!~!~~~!!! Br. Bl. 48. This association described for Upper 
Teasdale by Shimwell would appear to be a boundary or contact: zone. 
This overall boundary nature of the vegetation of Upper Teasdale may 
explain the abundance of such species as Tofieldia pusilla and Kobresia 
simpliciuscula in pure associations (sensue Br. Bl.) including examples 
such as the Seslerio-Caricetum Pulicarii. That is a large scale example 
----------------------------
of a boundar,y complex of vegetation types fluctuating with changes in 
macro and micro climate - a constantly varying complex, unstable in 
detailed pattern but stable in overall makeup, and approximating to a 
large scale "limes divergens" situation in which many rare plants and 
rare combinations of plants may be expected (V. Leeuwan 1965) • 
• ,-J.{ (.c_ -vl ..vi . 
Two-Way Table (Table 5) --· t--~ ~ w.. i~~ac.~- ~-... t,a.e~ c-_,_,.,u., . 
The two-way tables derived from the Association analysis produced 
groups broadly co.mpatible with those obtained by the relocation prodedure. 
The remarks made above regarding those groups of the latter procedure 
are pertinent when considering the groups derived from normal association 
analysis. 
The main feature of interest in the two-way table is the Quadrat/ 
Species nodum 3D which is found in a midway position between the two main 
end types of vegetation depicted in the table as noda lC, 5C and 6B, BB, 
4B, 6E, BE, J,E. 
This 3D node together with the other assembled species in Quadrat 
group 3 is synonymous with the sugar limestone grassland Cluster No. 6 
depicted in the Relocation Procedure. 
Not only does this community represent a pqytosociological 
geographical boundary (see above) but it also represents a local boundary 
community in its own right. 
This community must not be confused with the limes convergens 
boundary types previouslY described. This community was not a spatial 
transition zone but formed a homogeneous association type in its own 
right, the ~!!!!!!~:£!~!=!~~-~!:!~!! Shimwell 1969. 
Summary 
An area was selected which covered much of the immediately visible 
range.of variation of the vegetation in the Cow Green area of Upper 
Teasdale. This area included both types of boundary situations as 
determined in Section I. 
The area was comprehensively gridded using 2 x 2 m quadrats, each 
of which was used as a basic vegetation unit. 
Various agglomerative and divisive techniques of vegetation were 
applied. The most "convenient". classification was supplied by the six 
cluster stage of an iterative relocation procedure derived from the 
eight clusters obtained by Ward 1 s agglomerative method. 
These six clusters, however, formed a continuum of vegetation 
variation as witnessed by the principal components ordination, and 
appeared to be correlated with certain edaphic factors, notably 
exchangeable calcium. 
This study was based on a restricted site but the analYses produced 
units which had affinities with certain synsystematic groups as described 
by the Zurich-MontpeJP,er school ~,;,· phytosociology. 
However, as the two-r.:y tabla from association analysis and the 
P.C.A. showed, there was a complete range of variation. It could be 
argued that the intermingling is simply a result from the coarse sampling 
technique, i.e. the size and regular shape of the samples. 
' 
47 
The original bo1mdary analysis, however, was taken f'rom small 
25 x 25 em quadrats and nodal analysis produced relatively similar 
floristic Wlits even though 64 of' these small sampling units would 
nest in a single 2 x 2 metre quadrat, used in the main study. 
It is therefore concluded that the area Wlder investigation 
represented a complex admixture of' vegetation types in an area where 
edaphic factors preclude the domination of' any one type. 
TWo main extremes of' floristic variation represented by Clusters 
1 and 6 (Reloc.) were recognised that held large numbers of' rare species. 
These were the communities ''Of' the friable sugar limestone skeletal soils; 
the one subjected to extensive wind erosion, whilst the other was 
vigorously flushed. 
These two independent erosive phenomena precluded the complete 
development of' plant cover over all of' the quadrats in which these two 
communities were found. 
The persistence of' the rare species, which are considered to be 
intolerant of' competition, within the base areas is easily understood. 
They represent habitats, albeit severe, which are open to colonisation 
by any organism which can gain and maintain a foothold under the 
prevailing ecological restraints. 
The frequency of' occurrence of' the rarities in the closed areas 
within these two communities must be accounted f'or. To investigate this 
phenomenon more tully, those areas of' quadrats in Clusters 1 and 6 with 
complete vegetation cover were selected to form the basis of the 
following production stu~. To af'f'ord a local comparison, the grassland 
of' Cluster 5 was also analysed. 
The sedge~arsh site represented by Cluster 1 was particularly rich 
in rare species. To investigate the role of' interspecific competition 
and interference in the survival of' these rarities, two further sites 
were selected. These represented a trend of increasing standing crop as 
47 
follows:-
(i) Cluster 1 quadrats; with low standing crop and exposed 
tracts or ground. 
(ii) Lower Slapestane Sike; sedge-marsh providing complete 
ground cover. 
(iii) Nameless/Red Sike; sedge-marsh providing a ver,y dense 
sward or sedge-marsh species. 
PART IV 
PRODUCTION STUDIES 
THE SITES 
The five. sites selected tor production studies ware:-
1. Upper Slapastona Sike, Totialdiatalia. 
-----------
2. Lower Slapastone Sike, Totialdatalia-J4olinio Arrhen-
-----------------------------
atherataa. 
---------
J. Nameless/Red Sika, Totialdatalia~linio Arrhenathere.taa. 
-------------------------------------
4• Upper Slape stone Sike, Nardo Gallion. 
-----------
5. Upper Slape stone Sike, Sesleriatalia. 
------------
Sites 1, 4 &: 5 (Plate V) correspond closely to the groups 1, 5, 6 
by the Belocation procedure at the 6 cluster stage, as described in the 
previous section ar·the thesis. 
Sites 1, 2 &: 3 represent stages :l:D a sedge marsh continuum, 
progressing from Site 1, with vary little organic soU material, through 
Site 2 to Site 3 (Plata VI), where the soU is composed almost entirely 
ot orsanic material. These three wetland sites ultimately provided a 
good basis tor comparison of the effects of differing productivity and 
differential performance afthe Teasdale rarities. 
Not only were the sites required to be large enough to contain all 
the key elements or the vegetation, but also they were required to be of 
a sufficient area to enable continual destructive cropping or plots 
within the sites throughout the period of the study. 
In view or the relative~ limited nature or certain of the study 
areas, the destructive cropping had to be restricted, and methods 
developed that enabled the maximum information to be gained from minimal 
disturbance. 
The efficient usage of limited areas to be investigated was or 
importance. Newb*d (1967) has suggested a schema for woodland work, 
and a sim.Uar approach to site layout has been adopted. 
PLATEV Upper Slapestone Production Study Area 
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The measurement area was the area in which vegetation and roots 
were harvested. Baoh measurement area was surrounded by a buffer area 
which was subjected to as little disturbance as possible. Exclosures 
were erected to prevent the grazing and trampling of' the vegetation of 
the measurement areas by large herbivores suoh as sheep • 
• 
50 
THE HARVEST METHOD 
The harvest method adopted required the measurement of standing 
crop at time intervals and in these grazed situations this involved 
the protection of the accumulated growth from sheep, to prevent an 
under-estimate of nat primary production. However, the exclusion or 
these grazing animals imposes a different sat of environmental conditions 
on the community which could affect the net primary production. Since 
it was obviously necessary to exclude large grazing animals, this effect 
had to be accepted. 
The effect of cages has been reported as raising the dry matter 
production by more than 101' (M118 & Hughes 1968). Not only may this 
effect by attributed to reduction in wind velocity, increased humidity, 
and lowered transpiration rate, but also to the removal of the effect of 
so:ll compaction by grazing action. 
The exolosures were constructed of galvanized wire netting 
supported at intervals by angle iron standards. 
The netting was pegged to the ground to prevent sheep from forcing 
up the wire. These~ exolosures proved adequate for the short ( 
duration of the s~u~ period, although at the beginning of each season 
damage caused by drifting snow had to be repaired. 
Galvanized wire netting can give rise to zinc toxicity or contami-
nation of the herbage (llili;~ & Hughes 1968). Consequently the exclosures 
,_ -· 
were made larger than would have been necessary with a non galvanized 
( .c~ .C { 
superstructure so as to minimise possible edge effects due to this factor. 
The net primary production was theoretically not difficult to 
determine. The weight of herbage produced within the exclosure was the 
difference between the biomass at the coiDIII8Doement of the season, and at 
the and of it. This figure did not include primar,y production obannelled 
into invertebrate and small vertebrate herbivores, nor did it include 
dead material .• 
I 
·'2 
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In practice the determination ot the net primar,y production was 
complicated by several factors ·not necessarilY limited to Teasdale. 
The cropping area may be considered homogenous aocordins to species 
abundance criteria, but in terms ot biomass content the stand11J8 crop 
may vary'·g~atly. To avoid complications caused by the small scale 
agglomeration ot certain species the classical methoclS ot cropping unit 
areas ot vegetation, which require homogeneity, not only ot species 
occurrence but also ot biomass, were not considered applicable. 
As previously stated, the net primary production par unit area 
provides a measure ot the total primary production of each species within 
that area. The net primary production ot each species is a function ot 
the product of the number ot individuals within the area and the mean 
increase ot their individual weights. 
The choice ot sample size and shape to be harvested was subject to 
two main considerations. These were the necessity ot obtaining an 
acceptable level ct accuracy in determining the standing crop ot the 
study area; and the practicabUity ot harvest:Lns the sample required. 
In most studies, the time required in the field to clip the sample 
plots and tor laboratory sort:Lns, is the limiting factor which determines 
the number clipped and hence the accuracy of the estimate. Consequently 
a compromise was required between accuracy and the time avaUable for 
field sampling and plant sorting. 
This difficulty was overcome in part by the removal of turfs of the 
requiracl size, with vegetation ~ situ, ancl transporting the complete 
turf's in large polythene bags to the laboratory. Here the vegetation 
could be removed in a more favourable environment. The turfs were stored 
0 in a dark room at 4- C, ancl the vegetation removed as soon as possible 
attar cropping. 
52 
Traditionally large numbers of square sample plots are cropped, 
to keep variance at a minimum. However, a balance had to be struck 
between the possible lower variance of a large number of small plots, 
and the increased edge effects that will occur. 
These difficulties were overcome by cropping on a unit plant 
individual basis as opposed to a unit area approach as is the normal 
procedure. 
In general, variability between plots rando~ distributed over 
an area of sedge marsh proved high, and emphasis was placed on finding 
apparen~ homogenous areas for study. 
Sind.e species individual increment croppiy 
a 
This method depended on determining the standing crop of the 
"mean individual" of each species at each site, and simultaneously, 
determining t'he number of individuals ot that species per unit area for 
each site. 
The product of the mean individual standing crop and the density 
of individuals for that site gives a measure of the standing crop of 
that species per unit area. 
Although this is theoretically a simple procedure, practical 
difficulties became apparent. The determination of what constitutes a 
plant "individual" proved difficult, particularly with those species of 
a gregarious nature. Tufted habits of Festuca ovina and Nardus striata 
together with species of straggling habit such as Galium saxatile and 
TB.ymus drucei, were typical of species exhibiting these difficulties. 
In general, most plants could be divided into recognisable discrete 
units. Also determination of the aerial portion of a plant often proved 
difficult, with no sharp demarcation between soil and Br:Yophyte layer. 
A relatively arbitrary yet constant level of demarcation was chosen for 
each species and adhered to where possible. 
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Cropping procedure 
Turfs of 30x30 ems. dimensions were taken from limited areas of 
several square metres at each site, rendering the edapbic factors and 
floristic composition for the series of samples from the site relativelY 
constant. Care was taken that the sample units were not closer than a 
half metre to minimise the trampling of future samples. The approach 
to the sample area, and movement within it, were restricted to well 
defined paths, to minimise trampling and soil compaction. 
The samples were prepared by sliding a metre rule along at ground 
level and then lifting it to separate the vegetation, which was pushed 
aside by hand, thus providing a distinct furrow in the vegetation. The 
rule was then replaced in the furrow and a sharp knife used to incise 
vertically along the rule, cutting :bhrough soil, horizontal runners, 
rhizomes and roots. The remaining three sides of the sample were cut in 
the same way, and the 30 am. square of vegetation could be separated 
from its surroundings. A small pit was dug alongside the turf to allow 
a spade to-be slid under the turf. 
The turJISwere lifted and placed in large polythene bags, with the 
surface bearing the vegetation uppermost. Care was taken to minimise 
vertical or horizontal compression of the sample, which was immediatelY 
returned to the laboratory and placed in a dark cold room until required. 
No sample was stQred for more than one week before being sorted. It was 
decided that under these ·conditions relatively little storage products 
would have been metabolised, and little dieback occurred. 
Sort ins 
The sorting procedure was the same in all cases for aerial standing 
crop. The turld$-were trimmed, in the laboratory, to a measured surface 
area. Cutting was always upwards from ground level to separate the 
vegetation and avQid severing leaves. 
The purposes of' standardising the sample area were 
(a) To f'aoilitate subsequent calculations, and 
(b) To enable further density counts of individuals to supplement 
the counts made in the field. 
Removal of' plants f'rom the sample turf' was as f'ollows :-
(a) Bryo~es were removed en masse. 
(b) The higher plants with spreading habit were removed 
individually. These included Selasinella selasinoides, 
POtantilla areota and T9Ymus drucai. 
(c) The remaining vegetation, mainly Monocotyledons with a f'ew 
Dicotyledons, was removed species by species • 
.. 
(d) Fragile plants that ware prone to leaf' loss, e.g. Briophorum 
angustif'olium were paoketed individually. 
(e) Robust plants with stron~ adhering dead leaves were bulk 
packeted species by species. 
To standardise the weight the packeted dried material was dried in 
an oven at 105°C f'or three days. The oven was f'itted with an internal 
f'an which kept a f'orced draught f'lowing over the samples whilst dr,ying. 
The dried plants were kept in a dry atmosphere until they were weighed. 
Individual plants were then divided into dead and live leaves (dead and 
live at the time of' cropping) and each category weighed separately. 
For each cropping twenty to thirty plants of each species were 
individually weighed as above, and the mean individual weights of' live 
and dead tissue, together with their standard deviations, were calculated. 
This sample size was f'ound to be sufficient to reduce the error margin 
of' the mean to within ~ of' the mean in most species (Fig. 39). 
Chemical analysis 
Af'ter weighing, dead and live material f'rom each species was wet-
ashad separately, and determinations of' the concentrations of' certain 
FM· 39 Carex lepidooarpa 
Graph illustrating the et't'eot ot' increasing the sample size to decrease 
the error margin of the mean 
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cations carried out. (Sea Appendix 1) 
The method of calculation of nat aerial production is bast 
illustrated by a consideration of several species in detail. 
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ERIOP.HORUM ANGUSTIFOLIUM 
This plant was common on the wet uplands, and occurred in all 
three wetland sites, providmga possible basis for comparison between 
them. 
Individual aerial shoots of the plant were readilY distinguished 
and removed for sorting and dr,ying. Daad leaves tended to detach them-
selves during handling, and therefore each individual aerial shoot was 
packeted separately to prevent loss of those parts. 
The "mean" individual 
The aerial biomass, with standard deviation, per mean individual 
at each site is shown in Tables 7, 8 and 9, and is shown graphically 
in Fig. 40. 
The three sites show differential perf~)l'lllance at the individual 
level. The Eriophorum of the Upper Slapestona site shows relativelY 
little incremental change throughout the season, the growth rate 
maintaining a quasi equilibrium with the senescence and ~ing off of 
old leaves. However, towards the end of the growing season the standard 
deviation of the mean of the live leaves increases considerably as the 
spread of the sample includes young tillers and old mature individuals. 
The Lower Slapestone Sike site exhibits slightly larger individuals, 
but shows no maJor differences from the previous site with regard to 
biomass accrual. The Eriophorum from the site between Nameless and Red 
Sike produced individuals of nearly twice the size of the other two sites. 
From ch8mical analyses the content of the ions in the "mean 
individual" from each site are shown in Tables 7, 8 and 9. 
Freauency of Occurrence 
The frequency of occurrence of·Eriophorum angustifolium was found 
to be:-
TABLE 7 
Briophorum angustif'olium, aerial standing crop per "mean" 
individual at Upper Slapestone Sike Site. 
ERIOPBOB.UM ANGUSTIFOLIUM 
Upper S1apastone Sike Site 1969 
Date STAND:m'G CROP PER "MEAN INDIVIDUAL" 
Dr,y Wt. g. K Mg/p1ant Ca ug'plant Jig J4&/plant Na Mg/plant 
LL 0.022 0.127 0.()45 o.OJ.9 0.003 
9 May DL 0.012 0.019 0.04£) 0.007 0.022 
T 0.034 o.w o.oa5 0.026 0.025 
LL 0.026 0.150 0.053 0.023 0.003 
19 May DL 0.017 0.028 0.057 0.010 0.031 
T 0.043 0.178 o.uo 0.033 0.034. 
LL 0.047 0.272 0.096 o.ou 0.006 
2Juna DL 0.052 o.ow.. 0.176 0.031 0.096 
T 0.099 0.356 0.272 0.072 0.102 
LL 0.04-9 0.272 0.100 0.01,.3 0.006 
19 June DL 0.039 0.063 0.131 0.023 0.072 
T o.oaa 0.335 0.231 0.066 0.078 
LL 0.033 0.190 0.068 0.029 0.001,. 
14 July DL 0.018 0.029 0.061 o.ou 0.033 
T 0.051 0.219 0.129 0.040 0.037 
LL 0.039 0.225 0.078 0.034 0.005 
4AU& DL 0.036 o.o5a 0.122 0.022 0.067 
T 0.075 0.283 0.200 0.056 0.072 
LL 0.086 0.497 0.178 0.076 O.OJ.l 
4 Sept DL 0.035 0.057 0.118 0.021 0.065 
T 0.121 0.554 0.294 0.097 0.076 
LL 0.028 0.162 0.057 0.025 0.004-
9 Oct DL 0.037 0.060 0.125 0.022 0.068 
T 0.065 0.222 0.182 0.01,.7 0.072 
TABLE 8 
Eriophorum angustif'olium, aerial standing orop per 11mean11 
individual at Lower Slapestane Sike Site. 
ERIOPHOB.UJ4 ANGUSTIFOLIUJI 
Lower Slapastona Sika Site 1969 
Data STANDING CROP PJm "MEAN INDIVIDUAL" 
Dey Wt. g. K Mg/pl.ant Ca Mg/plant Jig Mg/plant Na Kg/plant 
LL 0.048 0.295 0.142 0.062 o.o58 
19 May DL 0.036 0.074. 0.273 0.029 0.033 
T o.oBlt. 0.369 o.u5 0.091 0.091 
LL 0.067 0.4].2 0.264- 0.087 o.OBJ. 
24. May DL 0.020 0.041 0.152 0.016 0.018 
T 0.087 0.4,53 0.416 0.103 0.099 
LL o.Q4l. 0.252 0.162 0.053 0.050 
2June DL o.cn5 0.155 1.178 0.061 0.069 
T o.n6 0.4!J7 1.34D O.ll6 O.ll9 
LL 0.083 0.510 0.327 0.108 0.100 
19 June DL 0.096 0.199 1.512 0.078 0.088 
T 0.179 0.709 1.839 0.186 0.188 
LL o.062 0.381 0.244,. 0.081 0.075 
25 June DL 0.032 o.o66 0.502 0.825 0.029 
T 0.094. 0.44.7 0.7~ 0.106 0.1()4. 
LL 0.079 0.4-86 0.3ll 0.103 0.096 
l4 July DL 0.039 0.081 0.616 0.031 0.036 
T o.n8 0.567 0.927 0.134 0.132 
LL o.08J. 0.167 0.319 0.105 0.098 
4. Aug DL 0.062 0.128 0.471 0.050 0.057 
T 0.143 0.295 0.790 0.155 0.155 
TABLE 9 
Eriophorum angustif'olium, aerial standing crop par "mean" 
. . 
individual at Jled Sike Site. 
ERIOPflOB.UJ4 ANGUSTIFOLIUM 
lied Sike Site 1969 
Date STANDING CROP PBa nDAN INDIVIDUALn 
Dry Wt. g. K Ms/pJ.ant Ca Mg/pJ.ant Mg Mg./plant Na Jig/plant 
LL o.o34. 0.233 0.122 0.049 0.0.52 
9 May DL 0.053 0.087 0.34J. o.Q4.6 0.()44 
T 0.087 0.320 0.463 0.095 0.096 
LL 0.063 0.4-31 0.227 0.090 0.096 
2Juna DL 0.111 0.183 0.716 0.096 0.092 
T 0.174- 0.614- Oo94J 0.186 0.188 
LL 0.199 1.361 0.716 0.284- 0.302 
4- Aug DL O.lll 0.183 1.180 0.096 0.092 
T 0.310 1.544. 1.896 0.370 0.394-
LL 0.163 1.115 0.587 0.233 0.24-7 
4- Sept DL 0.115 0.185 0.741 0.100 0.095 
T 0.278 1.300 1.328 0.333 0.342 
LL 0.160 1.094- 0.576 0.229 0.()4.3 
9 Oct DL 0.114- 0.188 0.735 0.099 0.095 
T 0.274- 1.282 1.311 0.328 0.338 
Fig. 40 Eriophorum anssstifolium 
nMeann individual aerial standing crop tor 1969 growing season at 
Upper Slapestone Sike Site (upper) 
Lower Slapestone Sike Site (middle) 
Nameless/Red Sike Site (lower) 
Vertical soalel gms dry wt. unshaded - live material 
shaded - dead material 
spread ot limits - 2 x Standard deviation ot mean 
Horu on tal soale: months 
0·1 
0·2 
Date 
9 May 
19 May 
2June 
19 JUDe 
14 JulJ' 
4 Aug 
4 Sept 
9 Oot 
TABLE 10 
Eriophorum angsstifolium 
Standing crop tor Upper Slapestooe Sike site 
during 1969 growing season 
STANDING CROP G/m2 
Total Dry Wt.g. Kg/m2 2 Ca g/m 
8.67 0.037 0.021 
10.96 0.()45 0.028 
25.25 0.090 0.069 
22.44 o.oa5 0.059 
lJ.OO 0.055 o.o,, 
19.13 O.Q72 0.051 
JO.B5 O.lltD 0.075 
16.6 o.o56 0.047 
2 Mg g/m Na g/m2 
o.oo6 o.oo6 
o.ooa 0.009 
0.018 0.026 
0.017 0.020 
0.010 0.009 
0.014 0.018 
0.025 0.019 
0.012 e.Ol.B 
TABLEll 
Eriophorum &n§stif'o1ium 
Standing orop tor Lower Slapestone Sike site 
during 1969 growing season 
Date STANDING CROP G/m2 
Total Dry Wt.g. Kg/m2 Ca g/m2 Mg g/m2 Na s/m2 
19 May 26.71 o.u8 0.132 0.029 0.029 
24, May 27.66 0.144. 0.132 0.033 0.031 
2June 36.89 0.129 0.426 0.037 o.o38 
19 June 56.92 0.225 o.585 0.059 0.059 
25 June 29.90 0.142 0.238 0.0.34- 0.033 
l4 Jul,y 37-52 0.181 0.294- 0.04,3 0.042 
4- A\18 4,5.48 0.0938 0.251 o.oqs 0.049 
TABLB 12 
Eriophorum ansustito1ium 
Standing orop tor Red Sike site 
during 1969 growing season 
Date STANDING CR.OP G/m2 
Total Dry Wt. 8• Ks/m2 Ca g/m2 Mg g/m2 Na s/m2 
9 :May 4]..32 0.052 0.220 0.04,5 0.046 
2JUD8 82.65 0.292 0.448 o.oa8 0.089 
4- Aug 14.7.25 0.733 0.900 0.176 0.187 
4- Sept 132.06 0.618 o.6.n 0.158 0,162 
9 Oot 130.15 0.609 0.623 0.156 0.161 
TABLE 13 
Eriophorum ansustitolium 
Growth increment for 1969 ((!JD.S/m2) 
Aerial 
K+ ca++ Jig++ Biomass 
Upper Slapestona Sika 22.2 0.10 o.os 0.02 
Lowar· Slapestona Sike 30.2 o.13 0.45 o.o3 
Nameless/Red Sika 106.0 o.sa 0.68 0.13 
Na+ Zn++ 
0.02 o.oo 
0.03 o.oo 
O.J.4, 0.01 
Fis. U Eriophorum BMUstitolium 
Graph of standing orop per m2 tor 1968, Upper Slapestone (lower) and 
Lower Slape stone (upper), and 1969, Upper Slapestone (lower), Lower 
Slape stone (midcll.e) and Nameless/Red Sike (upper). 
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(a) Upper Slapestone 255 plants per m(2 t 36 
. (b) Lower Slapestane 318 " " " : q.s 
(c) Nameless/Red Sike q.75 " " " ! 39 
Not only do the plants in these three sites show differences in weight 
per mean individual, but also in frequency. The area of highest density 
of !• ansustitolium, Red Sike, is also the area containing the largest 
individuals of this species. 
Since Eriophorum angustitolium at Red Sike showed not only the· 
highest incremental increase in dr,y matter per mean individual in 1969 
as well as the largest number of individuals, the net aerial production 
of this species was highest of all the three sites (Table 13). 
The growth increments for each of the three sites is shown in 
Tables 10, 11 and 12. 
The cotton grass of Upper Slapestone contributed 22 sms. of dry 
matter/m2 to the community in 1969, whereas the contribution at the 
Lower Slapestone Sik:e was over 30 g./m2 for the same period. At 
Req/Nameless Sike site this contribution was over 100 g. dr,y matter. 
Fig. 4,1. 
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Carex panicaa 
The carnation sedge was abundant at each of the three wetland sites, 
together with Eriophorum angustifclium and Carex lepidocarpa. Carex 
:panicea proved amenable to the same "mean individual increment cropping 
technique" as described for !· ansustit'olium. 
The aerial biomass figures for the "mean individual" of the sample 
populations at the three sites at various time intervals throughout the 
growing season were determined. These results are tabulated in Table 14 
and represented graphically in Fig. 42. 
From the graph it may be seen that there was relatively little net· 
.increase in dry weight throughout the growing season of the "mean 
individual" from the upper Slapestone population sample, compared to the 
increases at the other two sites. On average, the Upper Slapestone Sike 
population was composed of the smallest individuals, whereas the 
Re~ameless Sike population contained the largest, with those individuals 
from the Lower Slapestone site occupying an intermediatQ. position. This 
pattern of dif'ferential standing crop between sites was very similar to 
that shown by !• ansustifolium, and indicative of possible major 
environmental difference between the sites. 
Population density counts, as for !· angustifolium, gave variable 
results, spatial variation concealing any temporal fluctuations. Means 
and standard deviations of the number of individuals ware calculated 
(Table 15). Here the population densities are not directly comparable 
2 to that of !· angustitolium and when standing crops per metre are cal-
culated the highest biomasses are shown by the Nameless/Red Sike sample 
and the Upper Slapestone Sike sample; the former having larger but 
sparsely distributed individuals whilst the latter site has smaller but 
more numerous plants. 
Chemical analyses of the tissue from live and dead leaves were 
determined separately (Table 16) and the total standing crop per metre 
)/ 
Fig. 42 ~ panicea 
"Mean individual aerial standing crop through 1969 growing season at 
Upper Slapestone (upper), Lower Slapestone (middle) and Nameless/Red 
Sike sites. 
(Scale and Format as in Fig. 40) 
0·2 
0·1 
0·1 
TABLE 14-
Carex panicea· 
Mean aerial dry weights or individual plants 
from sample populations or three wetland sites 
STANDING CROP (e; dey wt.) 
Site ~ ~ ~ Total 
-
mean S.D. mean S.D. 
19.5.69 0.027 0.018 0.050 0.018 0.077 
2.6.69 0.025 0.016 0.028 0.013 0.053 
Upper 19.6.69 0.050 0.020 0.023 0.019 0.073 
Slape stone 14-o 7-69 0.029 0.034. 0.039 0.024- o.o68 
Sike 4..8.69 0.068 0.029 0.022 0.017 0.090 
4..9.69 0.073 0.030 0.034- 0.021 0.107 
9.10.69 0.052 0.032 0.042 o.OJ.4. 0.094 
17.4..69 0.033 0.013 0.025 o.oo8 o.o58 
Lower ll.6.69 0.035 0.035 0.038 0.033 0.073 
S1apestone 4..8.69 0.108 0.048 0.093 0.068 0.201 
Sike 4·9-69 0.105 0.073 0.064- 0.051 0.169 
9.5.69 0.095 0.056 0.034- 0.035 0.129 
Bsd/ 2.6.69 0.070 0.028 0.055 0.028 0.125 
Nameless 4.8.69 0.146 0.067 0.062 .0.056 0.208 
Sike 4.9.69 0.132 0.074- 0.049 0.029 O.lBJ. 
9.10.69 0.104 0.046 0.077 0.01.,7 0.181 
TABLE 15 
Carex panicea 
Mean number of individuals per metri from sample 
populations of three wetland sites (rounded to nearest 5) 
No. ot plants Standard 
J!er metre 2 Deviation 
Upper Slapestone Sike 510 180 
Lower Slapestone Sike 165 70 
Nameless/Red Sike 295 90 
TABLE 16 
~ panicea 
Concentration of Potassium, Calcium, Magnesium, 
Sodium and Zinc in dead and live material from 
three sites in mg per g dry wt (with standard deviations) 
mph. d£Y wt. 
Upper Slapestone Lower Slapestone Red/Nameless 
Sike Sike Sike 
Potassium Live 11.76 ~4-63~ 15.94 ~1-91~ 11.14 ~1.61~ Dead ,.4,3 1.46 6.4,7 ,.,o ,.,7 1.27 
Calcium Live 24.86 (1.92~ 19.69 ~2.38~ 17.15 ~17.15~ Dead ,,.58 (12.4!) 24,.98 ,.01 25.00 - -
Magnesium Live 1.72 ~0.60~ 2.25 ~0.17~ 1.60 ~0.20~ Dead 1.10 0.46 1.6, o.o6 1.20 0.25 
Sodium Live 0.65 ~0.03~ 0.66 t0.35~ o.,a ~0.03~ Dead o.as O.ltJ 0.92 0.21 0.86 0.25 
Zinc Live 0.19 Oo.os~ 0.11 t0·04~ 0.13 f0.07~ Dead 0.22 (0.06 0.,34 0.07 o.,a 0.11 
TABLE-17 
Care:x panicea 
Standing crop (g per m2) f'or three sites 
through 1969 growing season 
Site Date STANDING CROP 
Biomass Potassium Calcium Mae;nesium Sodium 
Upper 
Slape stone 
Sike 
Lower 
S1apestone 
Sike 
Nameless/ 
Red 
Sika 
19.5.69 39.4. 0.25 1.20 0.05 
2.6.69 27.1 0.20 o.8o 0.()4. 
19.6.69 37.3 0.34, 1.03 o.o6 
14..7.69 J4-.8 0.24. 1.04 0.05 
4..8.69 4(;.0 0.44 2.15 0.07 
4..9.69 54-.6 0.4.9 1.51 o.o8 
9.10.69 48.0 0.38 1.38 0.07 
17.4..69 9·5 o.u 0.21 0.02 
11.6.69 11.9 0.13 0.27 0.02 
4..8.69 33.0 0.38 0.38 o.o6 
4..9.69 27.7 0.34 0.34 0.05 
9.5.69 38.1 0.35 0.73 o.06 
2.6.69 36.9 0.29 o.u 0.05 
4..8.69 61.4. 0.54- 1.19 0.09 
4..9.69 53·4- 0.48 1.03 o.oa 
9.10.69 53·4- 0.42 1.09 o.o8 
TABLE 18 
Care:x panicea 
Net aerial production and net mineral f'lu:x 
f'or 1969 growing season 
g dry wt/metre2/azmum 
0.03 
0.02 
0.02 
0.02 
0.03 
O.Q4. 
O.Q4. 
0.01 
o.o1 
0.03 
0.02 
0.02 
0.02 
0.03 
0.03 
0.03 
~ Biomass Potassium Calcium Mapsium Sodium .. 
Upper Slapestone Sike 
Lower S1apestone Sike 
Nameless/Red Sika 
0.39 
0.27 
0.26 
1.35 
0.17 
0.79 0.()4. 
0.02 
0.02 
o.m 
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square of f• panicea in terms of biomass and certain chemical constituents 
is shown in Table 17. 
No significant statistical variations in concentration per gram 
dry weight of a~ of the elements analysed were detectable throughout 
the growing season. The quantity of the elements that were analysed was 
not directly proportional to the standing crop at any one time, since the 
standing crop was composed of two variables, the live and the dead tissues 
both of which had their own characteristic concentration of chemical 
constituents. For example, potassium is of relatively low concentration 
in dead tissue since it is presumably exported from senescing tissues into 
the younger parts of the plant where higher concentrations are found. 
Therefore the final concentration of these elements in the total standing 
crop is dependent on the dead to live ratio, as well as the concentrations 
of the elements within those portions. 
The net primary aerial production of this species was then calculated 
as the increment between the highest and lowest standing crops for each 
of the three sites (Table 18). The nat accrual of certain elements is 
also tabulated but this does not necessar~ indicate the gross movement 
of those elements as evidenced by the shunting of potassium from ~ing 
to the living leaves and the reverse passage of calcium. 
The "performance", net primary production of aerial· parts per unit 
area, of Carex panicea across the three wetland sites was ver,y similar 
2 in that it ranged from 20 to 25 g per m per annum even though there were 
marked inter-site differences in abundance and size of' the individual 
plants. 
I ~ 
l 
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~ leRidooarpa 
This sedge also occurred with the preceding two species at the 
three wetland sites. The cropping procedure adopted was as before. 
The aerial biomass of the mean individual was again calculated 
(Table 19) for each site and these are shown graphioally in Fig. 4J. 
A similar pattern emerged to that of Carex panioea and Eriophorum 
ansustif'olium; namely the Upper Slapestone Sike site supporting 
relatively small plants, Lower Slapestone individuals of intermediate 
size, and Re~ameless Sike site large individuals. 
From these 11mean individual" standing crops and the respective 
frequencies of individuals at the three sites the standing crop per metre 
square of' the aerial biomass was calculated in similar fashion to the 
preceding species. These results are tabulated together with 11 standing 
crop" of certain cations (Tables 20 and 21). 
The net annual aerial production for Carex leRidocarpa was 
calculated to be 10, 28 and 38 g/m2 for Upper Slapestane, Lower 
Slapestone and Nameless/Red Sike sites respectively. This differential 
performance is similar to that of the previous species. 
I 
I 
I 
J 
TABLE 19 
Carex lepidooarpa 
Mean aerial dry weights of individual plants 
from sample populations of three wetland sites (g) 
!!.1! ~ ~ ~ 
mean S.D. mean S.D. 
1.5.69 o.ou 0.020 0.017 o.oo8 
Upper 9.5.69 0.037 0.017 o.~6 o.ou 
Slapestone 19.5.69 0.029 0.020 0.019 0.017 
Sike 4.8.69 0.050 0.019 0.018 0.(;)14 
3.9.69 0.045 0.018 o.o:n 0.025 
9.10.69 0.031 0.020 0.029 o.o21 
17.4.69 o.u 0.019 0.033 0.015 
9.5.69 0.050 0.029 
2.6.69 0.062 0.072 
Lower ll.6.69 0.107 0.024 0.033 0.017 
Slape stone 19.6.69 0.140 0.012 0.033 0.033 
Sike 14.7.69 0.086 0.037 0.053 0.037 
4-8.69 0.075 0.052 o.o64 0.005 
4.9.69 0.109 o.Q4.8 0.016 0.010 
9.5.69 0.108 0.038 0.022 o.ou 
Bad/ 2.6.69 o.1e1 0.038 0.017 0.017 
Nameless 4.8.69 OCU.89 0.189 0.074 0.079 
S:lke 27.8.69 0.093 0.060 
9.10.69 0.136 0.046 0.060 o.o)B 
Total 
o.o58 
0.053 
0.()4.8 
o.o68 
0.078 
o.o60 
0.074 
0.079 
0.132 
0.140 
0.173 
0.139 
0.139 
0.125 
0.130 
0.118 
0.264 
0.153 
0.196 
Fig. 43 Carex lepidocarpa 
"Mean" individual aerial standing crop through 1969 gro>ving 
season at Upper Slapestone (upper), Lower Slapestone(middle) and 
Nameless/Red Sike sites. 
(Scales and Format as in Fig. 40) 
0·1 
~L---1 ---+--1 ----~---1 -
o·or-;s:K~~~~-{-~-:::.-~~~~~~~ 
0·1 
0·1 
0·1 
0·1 
TABLE 20 
Carex 1epidocarpa 
Mean conO"entration of Potassium, Calcium, Magnesium and Sodium 
in dead and live material from three sites in mg per gm dry wt 
plant material (with standard deviations) 
mfLs dr.J: wt 
Upper Slapestone Lower S1apestone Red/Nameless 
Sika Sike Sib 
Potassium Live 10.50 ~1.27) 16.88 ~5·41~ n.o, ~0-92~ Dead 9·40 2.,5) 12.70 ,.18 14-42 3.60 
Calcium Live 19.60 ~1.26~ 17.08. (2.6'~ 14.75 ~1.10~ Dead 
''·-'5 3.31 32.92 (17.06 26.90 2.24 
Magnesium Live 1.38 ~0.22~ 1.22 ~0.11~ 1.18 ~0.12~ Dead 0.88 0.16 0.67 0.32 0.84 0.4, 
Sodium Live 0.58 ~0.13~ 0.32 ~0.1'~ 0.30 ~0.08~ Dead 0.86 0.19 o.s1 0.23 0.81 o.,a 
~ 
Upper 
S1apestona 
Sike 
Lower 
Slapestone 
Sike 
Red/ 
Nameless 
Sike 
TABLE 21 
Carex lepidooarpa 
Aerial standing crop tor three wetland sites 
through 1969 growing season (g/m2) 
Standing 
Date Crop Potassium Calcium Magnesium 
-
1.5.69 22.,3 0.2.3 0.5.3 0.0.3 
9.5.69 20.4- 0.21 0.50 o.o1 
19.5.69 18.5 0.20 0;51 0.02 
4..8.69 26.2 0.29 0.67 0.03 
3.9.69 30.0 0.30 0.76 0.04 
9.10.69 23.0 0.2.3 0.61 0.03 
17·4-.69 19.1 0.,30 Oe4-9 0.02 
9.5.69 19.0 0.30 O.l,l 0.02 
2.6.69 36.4- 0.53 0.9.3 0.0.3 
11.6.69 38.2 0.50 0.79 0.04 
19.6.69 4-7.0 0.76 0.95 0.05 
14..7.69 38.0 o.4B o.8a 0.04, 
4.8.69 .38.0 0.56 0.92 o.~ 
4.9.69 34-.0 0.55 0.65 0.04 
9.5.69 .33.8 0.39 0.57 0.04 
2.6.69 30.7 0.29 o.u 0.04 
4,.8.69 68.4, 0.82 1.24 0.07 
27.8.69 39.8 0.4,9 0.77 o.~ 
9.10.69 u.o 0.62 0.94, 0.06 
Sodium 
0.02 
0.01 
0.02 
0.02 
0.02 
0.02 
o.o1 
o.o1 
0.02 
o.o1 
0.02 
0.02 
0.02 
0.01 
0.01 
o.o1 
o.o6 
0.02 
0.02 
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Narrow Leaved Grasses and Sedges 
This categor,y of plants consisted of those species having super-
ficial morphological similarities in the vegetative condition, sufficient 
to make the sorting procedure of this group into their component species 
a tedious and laborious operation. 
Difficulty in distinguishing between component species of this 
category is not necessarily encountered when considering good "type 
specimens" but, due to the range of fluctuations and variations 
exhibited by individuals selected at random in the field, it was not 
feasible to use a rapid sorting procedure to deal with the large bulk 
ot material required for production and chemical analYses studies. 
The species embraced within this category included Carex dioica, 
£• pulicaris, Festuca ovina, !• rubra, Deschampsia flexuosa as well as 
occasional small forms of atypical Nardus striata. 
This heterogeneous collection ot species was encountered at two 
ot the wetland sites, Lower Slapestone Sike and Nameless/Red Sike, as 
the narrow leaved species from other sites were readily sorted into 
their component species. 
The standard procedure so far adopted for determining the biomass 
of a mean individual proved impractical due to the low dry weight of 
individual plants. Therefore plants were weighed in batches of ten and 
these were recorded as the basic unit (Table 22). 
The fluctuations in frequency of these narrow leaved grasses and 
sedges were high, resulting in a high standard deviation of the mean 
frequency, but as before, the means from numerous counts were used to 
provide data for the model community. 
Nameless/Red Sike had a mean of 4,380 individualsper metre square 
with a standard deviation of the mean of 1,808. 
Lower Slapestone was typified by a mean of 3,445 narrow leaved 
individuals per metre square with a standard deviation of the mean of 
2,108. 
TABLE 22 
Narrow Leaved Grasses & Sedses 
Mean aerial dry weights per 10 individual plants 
from sample populations of two wetland sites, 
and concentrations ot certain elements ~ the plant tissue 
Site 
-
Lower 
Slapestone 
SikB 
Nameless/ 
Red 
SikB 
Standing Crop per 10 plants 
Date Dr,y wt. !!!· Phosphorus Potassium Calcium Mamesium Sodium 
-
9.5.69 0.193 
19.5.69 0.193 
2.6.69 0.393 
]4.7.69 o.uo 
4.8.69 o.46o 
4·9.69 0.577 
9·5-69 0.318 
2.6.69 o.463 
4.9.69 0.4,50 
9.10.69 0.680 
0.033 
0.013 
0.026 
0.037 
0.096 
0.017 
0.001 
o.oo6 
0.073 
0.049 
0.04. 
0.04 
0.09 
0.09 
0.10 
0.12 
0.07 
0.10 
0.10 
0.15 
le34 
l.JI.t, 
2.72 
2.84. 
3.18 
4.00 
1.85 
2.69 
2.62 
3.96 
1.13 
1.13 
2.31 
2-41 
2.70 
3·39 
0.24 
0.24 
O.ltB 
0.50 
0.57 
0.71 
0.40 
0.59 
0.57 
0.86 
0.06 
0.06 
o.u 
0.12 
0.13 
0.16 
0.14 
0.20 
0.20 
0.30 
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The standing crop per metre square was calculated as before 
(Table 23). 
Site 
-
Lower 
Slape stone 
Sike 
Nameless/ 
Red 
Sike 
TABLE 23 
Narrow Leaved Grasses & Sedges 
Aerial Standing Crop tor two wetland sites 
through 1969 growing season (g/m2) 
2 Standing Crop per m 
Date Dry wt. Phosphorus Potassium Calcium 
-
9.5.69 66.5 o.o1 0.46 o.J9 
19-5.69 66.5 o.o1 0.46 0 • .39 
2.6.69 1.35·.3 o.oJ 0.94. 0.79 
]4.7.69 JJ,l.2 o.oJ 0.98 o.8J 
l,-.8.69 158.4. 0.04 1.10 0.9.3 
l,-.9.69 198.7 O.Ol,. 1.,37 1.17 
9·5-69 1.39·.3 O.OJ o.81 0.99 
2.6.69 202.8 0.05 1.18 1.4.5 
l,-.9.69 197.1 0.04 1.15 1.U 
9.10.69 297.8 0.06 1.7.3 2.12 
lla sne sium Sodium 
o.o8 0.02 
o.oa 0.02 
0.17 o.04 
0.17 o.Ol,. 
0.19 0.05 
0.24 0.06 
0.18 o.o6 
0.26 0.09 
0.25 0.09 
o.J8 0.1.3 
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Carex nigra 
This common sedge was abundant on the Nameles~Red Sike site. 
Mean individual weights were calculated as for the other sedges 
(Table 2~) and the frequency of occurrence of individuals of this 
species was determined at each of the two sites. 
Lower Slapestone Sike site 
Nameless/Red Sike site 
799 with S.D. of mean 2~5 
278 with S.D. of mean 169 
The standing crops per metre square were calculated and the net 
annual aerial production was calculated as for the previous species 
(Table 26). 
The net aerial production for Carex nigra was calculated for the 
2 two sites and was found to be 46.3 gm per m at Lower Slapestone and 
2 23.1 gm per m at Nameless/Red Sike re~peotively. 
~BLE 24,. 
Cares nip 
Mean aerial dr,y weight of individual plants from populations 
sampled throughout growing seasan from two wetland sites 
Site Date Live Leaves Dead Leaves 
- -
·Total 
Mean S.D. Mean S.D. Aerial Biomass 
19.5.69 0.014 0.013 0.082 0.049 0.()96 
2.6.69 0.039 0.021 0.031 0.026 0.070 
Lower 19.6.69 0.063 0.019 0.053 0.053 0.116 
S1apestone 2,5.6.69 0.049 0.024 0.042 0.01.5 0.091 Sike 
14.7.69 0.0,52 0.030 0.04,5 0.040 0.098 
4-8.69 0.076 0.03.5 0.052 o.o46 0.128 
4·9.69 0.086 0.040 o.o8o 0.044 0.167 
Red/ 
2.6.69 0.062 0.01.,7 0.021 0.027 0.083 
4.8.69 0.104 0.043 0.025 0.021 0.129 Nameless 
Sike 4·9.69 0.081 o.os8 o.oas 0.055 0.165 
9.10.69 0.027 0.030 0.0,52 0.014 0.079 
TABLE 25 
Ca:re:x niqa 
Mean concentrations ot Potassium, Calcium, Magnesium and Sodium 
in dead and live material from two sites in mg per 8Dl dry weisht 
ot parent plant material (with standard deviations ot mean) 
Ms/g dq wt Lower Slapestona Sike Red/Nameless s:ma 
Leaves 
Potassium Live 13.2 ~4-·4-~ 9.7 ~1.4-~ Dead 4..6 1.4- 4-·4- 2.5 
Calcium Live 14.4- ~1~9~ 21.9 ~8.1~ Dead 20.7 a.5 25., ,.a 
Magnesium Live 1.4- ~0.2~ 2.1 ~0.2~ Dead l., 0.2 1.6 o., 
Sodium Live 0.5 ~0.1~ 0.5 ~0.1~ Dead 0.7 0.2 o.a O.l 
Flowerins Shoots 
Potassium 13.2 (l.O) 15.4- ( . ) 
Calcium 21.0 (5.2) 17.3 ( . ) 
Magnesium 1.5 (0.1) 2.4- ( . ) 
Sodium 1.1 (0.3) 0.6 ( . ) 
( • ) Standard deviation not calculated on 3 or less samples. 
Site 
-
Lower 
Slape stone 
Sika 
Nameless/ 
Red 
Sike 
TABLE 26 
Carex Di£a 
Aerial Standing Crop tor two wetland sites 
throush 1969 growing season (g/m2) 
St&Dding 
P!1! Crop Potassium Calaium 
19.5.69 76.7 0.4,5 1.52 
2.6.69 55.9 o.52 0.96 
19.6.69 92.7 0.86 1.60 
25.6.69 72.7 0.67 1.26 
14.7.69 n.5 0.71 1.34 
4.-8.69 102.3 0.99 1.73 
4..9.69 72.6 1.20 2.31 
2.6.69 23.1 0.20 o.53 
4..8.69 35.9 0.31 o.Bl 
4.-9.69 46.2 0.33 1.09 
9.10.69 22.0 0.14 0.4-3 
Magnesium Sodium 
0.09 0.05 
0.07 0.03 
0.12 0.06 
0.10 0.04. 
0.10 0.05 
0.14 0.06 
0.17 o.oa 
o.os 0.01 
0.07 0.02 
0.09 0.03 
0.()4. o.o2 
Eguisetum sp. 
This species was the only Pteridopqyte with a net production 
of more than 5 gm per m2 and this level was, however, only attained 
at one site, Slapestone Sike. 
The standard cropping procedure previously described was adopted, 
but great oare was taken not to fragment the stems of these delicate 
plants during handling (Table 27) • 
Although perennial, most aerial shoots of' this plant die back 
to ground level over winter, so there is no standing crop in the spring. 
ReadilY determinable amounts of Equisetum were consequently not available 
until June. 
The highest aerial standing crop is the season's net annual aerial 
production, and in Lower Slapestone Sike this had a value of' 13 gm per m2 
1n 1969. 
TABLl!l 27 
Eguisetum sp 
Me&ll aerial standing crop per m2 at Lower Slapestone Sike 
through 1969 growing season 
Standing 
R!i!. Crop Phosphorus Potassium Calcium llapsium 
2. 6.69 4.4 0.001 o.oa 0.09 0.01 
14..7.69 9.8 o.oo:s 0.17 0.19 0.03 
4.8.69 8.8 o.oo:s 0.15 0.17 o.o:s 
4.9.69 12.7 0.004- 0.22 o.2s o.OJ.,. 
Sodium 
0.003 
o.ooa 
0.007 
0.010 
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Asrostis canina 
This grass was only sutfioiently abundant to be considered in 
the Lower Slapestone site. 
Here frequency counts revealed a mean density of 266 plants per 
metre square, but because of its gregarious habit this plant's distri-
bution tended to be irregular, as is shown by the high standard 
deviation of the mean, 200. 
It is suggested that the dense stands of Carioes in which this 
grass was found allowed considerable shading, resulting in the Agrgstis 
remaining at a relatively constant level throughout the season (Table 28). 
TABLE 28 
Agostis oan:l.na 
. . 2 
Mean aerial standing crop per m in Lower S1apestone Sika 
~hrough 1969 g:rowing season ( ym2) 
Date Dl"l wt. fhosphoms Potassium Calcium Mapp.esium 
-
19.5.69 19.2 o.oo, 0.10 0.10 0.03 
2.6.69 19.7 o.oo, 0.11 0.10 o.03 
14.7.69 19.7 o.oo, 0.11 0.10 o.o, 
4,.8.69 25.0 0.003 0.13 0.13 0.()4. 
Sodium 
o.cn 
0.01 
o.o1 
o.o1 
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Eleocharis guinqueflora 
This plant grew in quantity only in the Upper Slapestone sedge 
marsh site. This species was amenable to the standard cropping 
procedure. 
The mean number of plants at this site was calculated to be 410 
plants per metre square with the standard deviation of the mean 240. 
The standing crop per mean individual plant was calculated as 
before and chemical analysis was carried out on the dried plant 
material. 
From Table 29, which summarises the standing crop per metre square 
of the aerial biomass in ter.ms of mass and certain chemical components, 
it can be seen that the standing crop decreased rapi~ at the end of 
May due to senescence and death of shoots produced in the previous 
season. The effects of the 1969 growth became apparent and growth 
continues throughout the season. 
The net annual aerial production was approximated to by deter.mining 
the increment between highest and lowest standing crop as for the 
previous species. Eleocharis quinqueflora contributed 40 ~m2 aerial 
biomass to the 1969 production budget for the Upper Slapestone Sike 
sedge community. 
TABLB 29 
E1eoaharis quinaueto1ia 
Mean aerial stancling orop per metre square iD Upper Slapestone Sike 
through 1969 growing season ( s/m2) 
Date Dq wt. Phosphorus Potassium Caloium Magnesium Soclium 
-
9.5.69 30.8 o.oos 0.09 0.,54. 0.()4. o.cn 
2.6.69 12.3 0.002 0.04. 0.22 0.02 o.cn 
19.6.69 18.0 0.003 0.05 0.32 o.o3 o.o1 
~t-.8.69 41.0 0.007 0.12 0.72 o.o6 0.02 
4.9.69 52.1 0.009 0.16 0.91 0.07 0.02 
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Juncus articulatus 
As with the preceding species, Juncus articulatus was common in 
the Upper Slapestone sedge marsh site, but less frequent in the 
Nameless/Red Sike site. Their mean frequencies of occurrence in 
these sites were 960 with standard deviation of the mean 280, and 98 
with stand~rd deviation of the mean 42 respectively. 
Standing crop determinations were calculated from bulked samples, 
each composed of 10 individuals, as for the narrow leaved grasses and 
sedges (Table 30). 
The net aerial production for the growing season was determined 
as the increment at each site. The net production for the aerial 
biomass at Nameless/Red Sike and Upper Slapestone sedge sites were 
respectively~ g/metre2 and 18 g/metre2• 
TABLE 30 
Junous articulatus 
. 2 
Mean aerial standing crop per metre in Nameless/Red Sike 2 
and Upper Slapestone Sedge sil:.es through 1969 growing season (g/m ) 
!!a R!!! Dq wt. PhQsphorus Potass1,W! CalQiwp. Mamesium Sodium 
9·.5.69 1.30 o.oo2 0.003 
-
Nameless/ 3.6.69 1.64 0.002 0.003 0.001 Red 
Sike 4-9.69 4·24 o.oo1 0.006 o.ooa 0.002 o.oo1 
9.10.69 ,5.10 o.om 0.007 0.010 0.002 0.002 
12 • .5.69 1.5.36 0.003 0.091 0.1.54 0.026 o.oso 
2.6.69 ]4.11 0.003 0.081.,. 0.141 0.024 o.o46 
Upper 6 6 
Slapestone 19• • 9 19.49 o.oa.. . 0.116 0.19.5 0.033 o.o63 
Sike ]4. 7.69 19.47 0.004 O.l16 0.19.5 0.033 0.063 
4-8.69 24-67 o.oos 0.147 0.247 o.ou o.oaa 
4-10.69 31.97 o.oo6 0.190 0.320 0.054 0.0.57 
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Totieldia pusilla 
This Teasdale rarity was restricted to the calcareous gravel 
sedge marsh of Upper Slapestone Sike with the exception of a few 
isolated plants in the Lower Slapestone Sike. 
At Upper Slapestone Sike there was a mean of 75 plants per metre 
square and since the mean standing crop tor an individual plant was 
0.05 gms in May, increasing to 0.078 gm in October, the net aerial 
productivity was not high. The increment between the May standing 
2 2 2 
crop (J.80 g/m) and the October crop (5.70 g/m) was 1.9 g/m • 
The low productivity of this species as well as its general and 
local geographical restriction are indicative of the precarious 
existence of this species in Upper Teasdale. However since reproduo-
tive rates and capacities do not come within the scope of this study 
it is not appropriate to speculate further along these lines. 
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Kobresia simpliciuscula 
This Teasdale rarity was confined to the two most highly 
calcareous sites, the wet sedge marsh and the drier sugar limestone 
grassland of the Upper Slapestone Sika sites. 
This species was cropped by the standard procedure but difficulty 
in determining an individual plant was encountered. Many aerial shoots 
shared common underground organs; the aerial portion fusing at or just 
below ground level. In practice the plants were divided, albeit 
arbitrari~, where these bifurcations occurred and each was treated as 
a plant unit for frequency and weighing purposes. 
The data was treated in the normal way (Table 31) and the Kobresia 
of the grassland was found to have had a net aerial production of 24 g 
whereas plants of' the sedge marsh produced 12 g/m2 during the 1969 
growing season. 
The Kobresia from the calcareous grassland was found to have a 
net aerial production of 24 g/m2 whereas those of the Upper Slapestone 
sedge marsh site produced 12 g/m2 per annum. _, _n ,...t.~::. ~'L-> _ .. ' 
TABLE31 
Kobresia simpliciuscula 
2 Mean aerial standing crop per metre in Upper Slapestone Sedge 
~ 
Sedge 
Marsh 
Calcareous 
Grassland 
site and Upper Slapestone calcareous grassland site 
through 1969 growing season ( g/~) 
Date Dn wt. Phosphorus Potassium Calcium Magnesium 
-
2.6.69 52.6 
J.4,.8.69 53.8 
9.10.69 64.2 
2.6.69 57·4 
4-7.69 78.8 
9.10.69 81.2 
0.005 
0.005 
o.oo6 
0.006 
o.oo8 
o.oo8 
0.218 
0.223 
0.265 
0.399 
0.550 
0.565 
0.4,58 
0.468 
0.560 
1.200 
1.693 
0.237 
0.242 
0.289 
0.068 
0;093 
0.095 
Sodium 
0.027 
0.028 
0.033 
0.04J, 
0.056 
0.057 
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Sesleria caerulea 
This plant was restricted to the calcareous grassland of Upper 
Slapestone where it was oodominant with Kobresia simpliciuscula and 
Fastuoa ovina. 
The standard procedure was adopted and it was found that there 
was a mean frequency of 1,820 individual plants per metre square with 
a standard deviation of the mean at 703. 
In view of the significant contribution that this species 
provides to the community in which it is found the data for dead and 
live tissue is presented {Table 32). 
The net annual aerial production for 1969 was determined as being 
91 g/m2• 
TABLE 32 
Sesleria caerqlea 
2 Mean aerial standing crop per m in Upper Slapestone 2 Calcareous Grassland Site throupout 1969 growing season (g/m ) 
Live Leaves) 
Date Dead Lea!es)Dr,y wt. Potassium Calcium Maesium 
- Total ) 
25.8 0.,34. 0.,34. 
9.5.69 J2!l o.u !s..& 
-
65.5 O.lt5 1.68 o.os 
26.5 0.35 0.35 
19.5.69 ~ 0.13 !..2J 
72.3 0.4.8 1.89 0.06 
31.6 o.u 0.42 
2.6.69 li:Za.Q 0.13 !& 
78.6 0.51.,. 1.83 0.06 
85.7 1.12 1.15 
4. 7.69 82.3 0.23 ~ 
168.0 1.35 3.92 0.]4 
91.9 1.18 1.~ 
4.10.69 60.6 0.19 1.85 
152.5 1.37 3.09 0.13 
Sodium 
0.02 
0.02 
0.02 
0.05 
o.or.. 
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Carex capillaria 
Carex capillaria was confined to only one site in any quantity, 
the calcareous grassland of Upper Slapestone. Here the occurrences 
were only 175 per metre square and from the standard procedure the 
net annual aerial production was determined as being 27 g/m2 for 
1969 growing season (Table 33). 
TABLE JJ 
Carex oapUlaris 
Mean aerial standing orop in Upper Slapestone 2 Calcareous <a-assland Site through 1969 growing season (s/m ) 
Date Dry wt. Phosphorus Potassium Calcium :Mapsium Sodium 
-
9.5.69 26.1 0.006 0.10 o.66 0.033 0.003 
19.5.69 52.2 0.012 0.20 1.33 0.065 0.007 
4.8.69 4£).5 0.010 0.15 1.04- 0.051 0.005 
~t-.10.69 34-·8 o.ooa 0.13 0.89 0.044- 0.005 
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Festuca ovina 
This grass ocn~ed predominantly at two sites, Upper Slapestone 
calcareous grassland and Upper Slapestone Agrostis-Fescue grassland 
sites. 
The prooedure adopted was that used to determine the standing 
crops of the narrow leaved grasses and sedges, i.e. batches of ten 
plants were used as a basic unit (Table 34). 
2 The net aerial production for 1969 was determined as 8 g/m for 
the calcareous grassland, and 1.3 g in the case of the Agrostis-Fescue 
grassland. 
This apparently low figure for this grass, one of the apparent 
dominants, is not so surprising when it is considered that the dry 
weights of 2,125 Plants from the Agrostis-Fescue grassland weighed 56 g 
at peak standing crop. 
TABLEJ4. 
Festuoa ovina 
Mean aerial standing crop for Upper Slapestone Calcareous 
grassland site and Upper Slapestone A£ost:i.s':l'Fesoue 
grassland site for 1969 growing season (8fm2) 
Site Date D1'3 wt. Potassium Calcium Magnesium 
- -
Agostis-lrescue 
Grassland 
Calcareous 
Grassland 
20.!).69 
4-.8.69 
4.10.69 
;o.~ 
6,., 
56.5 
101.9 
0.126 o.63 o.o6 
0.158 0.79 0.08 
O.lltl 0.71 0.07 
0.327 0.02 
O.J57 0.02 
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Agrostis tenuis 
This species, together with the preceding, gives the poorer, 
more acid grassland of the Pennines its common name, Bent-Fescue 
grassland. 
Here again about two thousand plants are encountered per metre 
square (mean 1905, standard deviation of mean 818). 
The standing crops were calculated by the standard procedure 
and are recorded in Table 35. 
The net aerial production for the 1969 growing season was 
2 
calculated to be 12 g/m • 
TABLE 35 
Asrostis tenuis 
Mean aerial standing. crop tor Bent-Fescue grassland2site, Upper Slapestone, tor 1969 growing season ( rt/m ) 
l!e Dr;,y wt. Phosphorus _Potassium Calcium Magnesium 
9.5.69 99.1 0.027 0.69 O.ltQ 0.13 
19.5.69 lll.1 0.030 o.n 0.4-5 0.14-
A,-.8.69 100.4- 0.027 0.70 o.u 0.13 
4--10.69 lll.l 0.030 0.77 0.4-5 0.14-
Sodium 
0.07 
o.oa 
o.oa 
o.oa 
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Selaginella selaginoides 
In the Upper Slapestone sedge marsh this species was found to 
contribute little over 1 ~m2 per annum but in the Upper Slapestone 
Agrostis-Fescue grassland 3.9 g/m2 was the net aerial production for 
1969. This species was cropped from three twenty-five centimetre 
square plots at each harvest as the difficulties of determining 
individuals and determining frequency of occurrence were not possible. 
TABLB 36 
Sela@inella selasinoides 
Mean aerial standing crop for Upper Slapestane Sedge Marsh 
and Upper Slapestcne Bent-Fescue Grasslaud 
Site ~ Dry wt. Phosphorus 
-
3.5.69 4.8 0.001 
Sedge 4,.8.69 6.1 0.001 Marsh 
4-el0.69 4.8 0.001 
o.o01 
Bent 2.6.69 1.1 0.002 
Fescue 
Grassland 4.7.69 6.4 0.001 
~t-.10.69 5.1 O.OOl 
Potassium 
0.018 
0.023 
o.<n8 
0.027 
0.053 
o.~ 
0.036 
Calcium Matmesium. 
o.o69 
0.086 
0.069 
0.053 
0.106 
0.089 
o.o11 
o.ou 
O.OJ.4, 
o.o11 
0.009 
o.o17 
o.Ql.4. 
0.012 
Sodium 
0.007 
o.oo8 
0.007 
0.004-
0.007 
o.oo6 
0.005 
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Bryoph.ytes 
Bryophytes in general are not a convenient group for production 
studies. Relatively little work has been published on Bryophyte 
production in the community context. Detailed investigations have 
usually been confined to single species or to a group of species, e.g. 
Sphap;num sp. Clymo 1970. 
The major difficulties encountered were:-
(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
erratic distribution of the various species 
gregarity 
determination of growth increments 
separation of litter and humus 
laborious sorting 
determination of an individual standard cropping unit 
·Fluctuations between standing crops from adjacent crops at any 
one time were sufficient to swamp any increment thgugh growth should 
theoretically become apparent in temporal studies. Increase of sample 
size should decrease this spatial fluctuation but results in sampies 
becoming uneconomic in terms of sorting and removal of litter, etc. 
The mean standing crop throughout the season was calculated from 
monthly samples of several plots from each site. 
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These were:-
gm2 
Mean S.D. 
Upper Slapestone Sedge Marsh 400 205 
Agrostis-Fescue 590 145 
Grassland 
Calcareous 65 22 
Grassland 
Lower Slapestone Sedge Marsh 320 135 
Nameless/Red Sike Sedge Marsh 432 272 
T.he material had been collected and dried in the normal way after 
removal of litter, though this presented difficulty in certain 
species, e.g. Cinc1YdiUm stygium. 
T.he difficulty in detecting growth increments relative to SIBtial 
variation indicated that the net annual production was not high. 
Live material represented in general approximately one third of 
total Bryophyte dry weight. The Bryophyte communities of all sites 
showed this trend irrespective of cropping time. 
It was not practical to age the Bryophytes, with the exception 
of Fissidens adiantoides, Hylocomium splendens and Thuidium tamariscinum. 
An estimate may therefore be obtained for new growth, but this does 
not take into account senescence or death of old tissue. Consequently 
the net annual primary production of these species are not readily 
obta:inable. 
It may be surmised that when the dieback is taken into account the 
figure for the net primary production would be in the 10-2~ range of 
the maximum standing crop. 
In the absence of an objective method of Bryophyte biomass determi-
nation it will be assumed that the level of net primary production is 
comparable to that attained by the higher plants. It must be emphasised 
that this is an approximation OnlY but in the absence of accurate methods 
it must suffice though its limitations should be borne in mind. 
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Chemical analysis of the bulked Bryophytes indicated that the 
levels of calcium in the material were reflected in the calcium levels 
of the soils on which they grew (Tables 37 and 38). Hence the 
Bryophyte flora of the sugar limestone and wet calcareous gravel sites 
were higher than those elsewhere. 
uss 
LS 
BS 
USK 
USG 
uss 
LS 
BS 
USK 
USG 
TABLE 37 
Bgoph.ytes 
Mean concentrations (with standard deviations) 
ot certain ions (mt/g) 
p K Ca Mg 
M 0.119 0.878 ,32.020 2.21.3 
SD 0.001 0.059 0.769 0.1.30 
M 0.152 1.559 10.904 2.2Jt2 
SD o.o06 0.227 1.2,38 0.195 
M 0.100 1.8oo 18.647 2.496 
SD 0.0,36 0.422 10.982 1.7.30 
M O.UJ. 1.0.34 .39.654 1 • .396 
SD 0.00.3 0 • .34.5 o.ooo 0.082 
M 0.126 1.250 9.500 1.428 
SD 
TABLE 38 
Bryoph.ytes 
2 Estimated increment tor 1969 growing season ( g/m ) 
p K Ca Mg 
.398 0.04.7 0 • .349 12.74 0.881 
.322 0.049 0.502 ,3.511 0.722 
4..32 o.oQJ 0.776 8.06 1.078 
65 0.009 0.067 2.58 0.091 
588 0.074 0.7.35 5.58 o.w.o 
Na 
o.87.3 
0.029 
0.660 
0.017 
0.675 
0.529 
0.716 
0.0.35 
0 • .325 
Na 
0.,347 
0.21.3 
0.292 
0.()46 
0.191 
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Synthesis 
The species by species biomass determinations described above 
provide information regarding the contribution of eaoh species to each 
of the relevant sites. The summation of the differences between the 
maximum and minimum standing crops for each species at each site enables 
the community increment to be calculated, Table 39 and Table 40. 
The sum of these individual species increments provides a measure 
of the net aerial production of the communities for the 1969 growing 
season. 
The net above ground production in terms of g dr.Y weight per m2 
(excluding all species with less than 2 g production) is tabulated 
together with a list of the rare species associated with the vegetation 
at each site (Table 41). 
The net annual aerial production of higher plants of both the 
communities that contain appreciable numbers of rarities was below 150 g 
per m2 per annum. The "absolute" exclusion limit for the rare species 
2 listed would appear to be less than 350 g perm per annum, i.e. less 
than 2 g per m2 per day based on a 175 day growing season. 
The absence of rarities from Site 4 could be explained by the 
gregarity of the two dominant species which form a dense tussocky mass. 
Although of low productivity this vegetation was rooted in a shallow but 
tough fibrous humic matrix which covered the bedrock completely and was 
devoid of any bare areas that would be open to colonisation by the 
rarities. 
The problem of colonisation by arctic alpine species in these closed 
situations is further complicated by the effect of "competition" from 
root and underground organs. 
The following investigation to deter.mine vertical biomass distri-
butions was carried out. 
TABLE 39 
Sedge Sites 
Upper Slapestone Silce Site 1 1969 
Species Maximum Minimum Increment 
Eriophorum angustifolium 30.9 8.7 22.2 
Carex panicea 54.6 27.1 27.5 
Carex lepidocarpa 30.0 18.5 11.5 
Eleocharis quinqueflora 52.1 12.3 39.8 
Festuca rubra 1.6 1.0 0.6 
Tofieldia pusilla 5.7 2.8 2.9 
Juncus articulatus 32.0 15.4 16.6 
Kobresia simpliciuscula 64.2 52.6 11.6 
Selaginella selaginoides 5.1 3.8 1.3 
Bryophytes 398.0 244.0 154.0 
Total vascular plants 276.2 142.2 134.0 
All plants 655.1 386.2 288.0 
Lower Slapestone Sike Site 2 1969 
Species Maximum Minimum Increment 
Eriophorum angustifolium 45-5 26.7 18.8 
Carex panicea 33.0 9.5 23.5 
Carex lepidocarpa 47.0 19.1 27.9 
Carex nigra 102.3 55.9 46.4 
Agrostis canina 25.0 19.2 5.8 
Narrow leaved grasses & sedges 199.0 66.5 132.5 
Equisetum a1~ense 12.7 4-4 8.3 
Bryophytes 322.0 154.0 168.0 
Total vascular plants 464-5 222.1 263.2 
All plants 786.5 376.1 431.2 
Nameless Red Sike Site 3 1969 
Species. Maximum Minimum Increment 
Carex panicea 61.4 36.9 2l~o.5 
Carex lepidocarpa 68.4 30.7 37.7 
Carex nigra 46.2 23.1 23.1 
Eriophorum angustifolium 147.3 4J..3 106.0 
Narrow leaved grasses & sedges 297.8 139.3 158.5 
Juncus articulatus 5.1 1.3 3.8 
Bryophytes 432.0 273.0 159.0 
Total vascular plants 626.2 271.9 353.6 
All plants 1,078.2 444-9 513.1 
Upper Slapaatone SikB Site 4 
Species 
Festuoa ovina 
Agrostis tenuis 
Sa1aginella se1aginoides 
Bryopqtes 
Total higher plants 
Total 
Upper Slapestona Sike Site 5 
Species 
Kobresia simp11oiusoula 
Ses1eria caerulea 
Carex capUlaris 
Festuca ovina 
B:eyophytes 
Total higher plants 
Total 
a 
TABLE4D 
Grassland Sites 
Maximum 
Ma:x:lmum 
81.2 
168.0 
52.2 
101.9 
Min:lmum 
Minimum 
57.4. 
65.5 
26.1 
93.5 
Increment 
132.0 
28.8 
170.8 
Increment 
23.8 
102.2 
26.1 
8.4. 
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160.5 
203.5 
1969 
1969 
I 
TABLE4l 
Net above ground production gms dey wt/m2 (excluding all species 
with less than 2 gms/m2 production) 
1 2 3 4- 5 
/ Eriophorum angu.stifolium 22 19 106 
..,Carex panicea 28 24- 25 
/ Carex lepidocarpa 12 28 38 
Narrow leaved grasses &: 
sedges 132 159 
/ Carex nigra 4£) 23 
Equisetum sp. 8 
Juncus articulatus 16 4-
Tofieldia pusilla 2 
Eleocharis quinqueflora 4D 
Agrostis canina 6 
/Kobresia simpliciuscula 12 24-
Sesleria caerulea 102 
~Carex capillaria 27 
Festuca ovina 13 8 
Agrostis tenuis 12 
Selaginella selaginoides 3 
Bryophytes 154- 168 159 123 4-3 
Total higher plants 134. 263 354- 28 161 
Total 286 4-31 510 151 204-
Distribution or the 
rarities 
Equisetum variegatum + + 
Kobresia simpliciusoula + + 
Tofieldia pusilla + + 
Juncus trigl.umis + 
Primula farin.osa + 
Plantago maritima + + + 
Armaria maritima + ?r-\(1'> +?I'\[ !71.,.. 
Carex ericetorum + ~ tl '· .. +: I.\. til, 
Gentiana verna + 
Viola rupestris + 
Polygala amara +' ••.;:!• • Carex oapillaris + + + + 
Juncus alpino-articulatus + 
Saxitraga ~oides + 
Cynclidium st,gium + 
Total 10 4- 2 7 
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Vertical Biomass Distribution 
The method of obtaining root samples was similar to that adopted 
by Kotanska (1967) and the three sites investigated were:-
a) Upper Slapestone Sedge Marsh 
b) Upper Slapestone Agrostis-Fescue Grassland 
c) Lower Slapestone Sedge Marsh 
1 2 Monoliths, 4 m , were cut out to a depth of 20 ems or to bedrock 
at each site. 
These soil blocks together with their attendant vegetation were 
removed to the laboratory, care being taken that the blocks were not 
compacted in transit. 
The aerial vegetation was removed and sorted into the following 
categories:-
i) pteridophytes 
ii) Bryophytes 
iii) Angiosperms, Monocots 
iv) Angiosperms, Dicots 
Each category was individually packeted and dried in a forced 
draught oven. 
The soil blocks were then cut into 1 em thick horizontal slices 
with a sharp lmife. Each section in turn was then vigorously washed 
under a running tap in a 1 mm sieve to remove fine sand and soil particles. 
The roots and other underground organs were separated from the 
remaining inorganic fraction of gravel and larger stones by differential 
flotation. 
The separation of live root material from the dead proved laborious 
and was effected by hand sorting using fine forceps. In general live 
roots were tough and springy, ranging from white to red-brown in colour, 
whereas the dead roots were flaccid or fragile and black in colour. 
Fig. ~ Sorting categories for vertioal biomass distribution 
Pter\doph tes 
Sr')'oph \eS 
Monocot'1\edons "'-~0\co\'j\e ons 
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The live roots were packeted and dried in a forced draught oven 
for three days and the vertical distribution of biomass within and 
above the soil is illustrated in Fig. 45. 
The bulk of the root material was concentrated in the upper few 
centimetres of the soil. In each example illustrated the above ground 
standing crop was far smaller than the bel~w ground standing crop. 
The Upper Slapestone sedge marsh site had a below ground standing 
crop of approximately 1200 g dry wt. per m2, whereas the Upper Slapestone 
had a standing crop of 1250 g per m2• These values were exceeded in 
the Lower Slapestane Sike site where a standing crop of 1400 g per m2 
was attained. 
These simple determinations indicate that the aerial standing crop 
represents a small proportion of the biomass and the effect of rooting 
competition may be of significance in the establishment of the Teasdale 
rarities. 
In view of the inherent inaccuracy of the method for the determi-
nation of root standing crop the values obtained should be regarded as 
approximations whioh nevertheless illustrate the general pattern of the 
vertical distribution of biomass. 
The communities rich in the Teasdale rarities have been shown to 
be of low net annual aerial production with the bulk of their biomass 
underground. 
Fig. 4S 
Vertical biomass distribution in August 1969 at Upper Slapestone 
Sedge Marsh, Upper Slapestone Agrostis-Fescue grasslands and Lower 
Slapestone Sike Sedge Marsh. 
a) 
0 
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What limits the productivity of these communities? 
Although it did not come within the scope of the work to stu~ 
the possible factorsin great detail, some experimental evidence is 
given below under the following headings:-
1) The climate 
11) The biotic 
iii) The Edaphic 
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(i) The Climate 
As previously indicated the climate of the Fells of Upper 
Teasdale has long been known for its inhospitable and marginal~ sub-
arctic nature (Manley 19~. 
Regular climatological observations have o~ been taken on 
WidQybank Fell since January 1968 and so far these have indicated that 
the general climatic differences from the Moor House Station are slight. 
The growing season, if loosely defined as the number of days with the 
mean temperature above 6°C,is about 180 per annum, which is at least 
60 days shorter than in the Eden Valley (Millar 1970). 
Air frost oan occur in any month of the year and lowest minimum 
air temperatures on Widdybank Fell (509 m) often prove to be lower 
than even those on Great Dun Fell (847 m). 
These general observations indicate that the climate may contribute 
in part to the restriction of production. 
However the presence of much more productive vegetation in close 
proximity to the low production communities indicated the need at least 
for detailed microclimatological studies in the area. 
To test the effect of climatic restraint on the vegetation a simple 
experiment was devised to demonstrate the possible effects of short 
term amelioration of the microclimate. 
Cold Frame Experiment 
A cold frame similar to that used in horticultural practice was 
located on Bent-Fescue grassland ·on Widdybank Fell before the commence-
ment of the 1969 growing season. A similar area was enclosed to prevent 
the grazing or herbage by sheep and other large animals. 
At the conclusion of the experiment in October 1969 the vegetation 
from.the experimental areas was harvested from both plots in three 
4Q0om2 cropping units and also from an adjacent grazed area. 
PLATE VII Cold Frame Experiment 
Bent Fescue grassland sample 
(i) from within cold frame, and 
( ii) from ungrazed sward. 
Scale - The vertical soale is graduated at 5 em intervals. 
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These crops were transported back to the laboratory where the 
herbage was sorted, dried and weighed and the mean aerial standing crop 
calculated on a per metre square basis. The figures so obtained were 
only crude estimates but they do serve to illustrate the difference 
between treatments. 
The only visual difference between the samples from the grazed 
and ungrazed swards not enclosed within the cold frame was a few 
"clipped" ends on the grazed sample. No obvious differences in standing 
crop were evident. 
The difference between the grassland enclosed within the cold frame 
VII\ 
and that outside was visually striking (Plate~). The plot from within 
the cold tram had a high standing orop composed of tall sward of grasses 
interwoven with straggling stems of T9Ymus drucei and flowering shoots 
of Prunella vulgaris (Table 42). The grazed and ungrazed vegetation 
consisted of compact short swards. The Cirsium palustre rosettes 
measured 5-10 ems in diameter in the· area around the cold frame as 
VII~ 
compared to 30 ems inside it (Plate ~). 
The internal climate of the cold frame was not monitored, but the 
main effects of the cold frame would have been to reduce wind speed and 
direct precipitation and increase internal temperatures especially by 
reducing the incidence and duration of frosts. 
The general conclusion to be drawn from this crude qualitative 
experiment was that short term modification of the climate would be 
sufficient to produce dramatic changes in the growth rate and physiognomy 
of the vegetation. Short term removal of grazing and trampling pressure 
would have little effect. 
TABLB42 
October standing crop of Bent Fescue Sward 
. ( i) sample from within cold frame 
(ii) ungrazed sample 
2 
expressed in gm dry wt per metre and excluding Bryophytes 
(i) (ii) 
Festuca ovina 720 370 
Carex sp. 140 12 
Agrostis tenuis 20,5 75 
Achillea millefo1ium 45 1 
Thymus drucei 16 15 
Prunella vulgaris 20 5 
Selaginalla selaginoidas 9 
PLATE VIII Cold Frame Experiment 
Cirsium palustre from 
(i) within cold frame (above) 
(ii) ungrazed sward (below). 
Scale - Largest rosette 28 ems diameter. 
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(ii) The Biotic 
Exclusion of grazing for a single gr~ving season showed little 
effect on the vegetation but exclusion for more than three seasons 
produced noticeable changes in the physiogno~ of the vegetation. 
However no major change in the floristic content of the enclosed areas 
was recorded. 
Exclosures had been erected in 1965 around spring head "brown 
mass" communities on Widdybank Fell during an earlier investigation. 
These spring head communities consisted of hummocks ranging in 
diameter from 3 to 5 metres and in each case there was at least one 
similar, but unfenced, formation within 10 metres distance of the 
exclosure. 
Aufnahman were recorded of the fenced and the unfenced adjacent 
hummocks and these aN listed in Tables 43a and 43b· 
Assuming (i) that the hummocks were of similar floristic composition 
initially before fencing and (ii) that the present floristic composition 
is not due to chance, several general observations may be made. 
The floristic diversity increases in terms of numbers of species 
due to the appearance of species such as1 
Primula farinosa 
Veronica beccabunga 
Trifolium repens 
Linum catharticum 
Caltha palustris 
Whilst Bryophytes decreased in cover-abundance the values for 
Festuca rubra and Carex nigra increased. This change in floristic 
composition was accompanied by an increase in height of the herbage. 
Observation alone made it evident that the Plants within the 
exclosures had the added advantage of abundant production of flower, 
fruits and seeds. 
TABLE 4Ja 
Floristic composition of two unfenced springbead hummocks 
and an adJacent fenced hummock on Wid~ank Fell 
(Doing Cover Abundance Scale; see Appendix II) 
Autnahman 1 Aufnabmen 2 Autnahmen J 
Grazed Grazed Ungrazed 
Area (m) 3x3 2:x2 3x3 
Aspect s.E. S.B. S.ll. 
Slope 50 50 so 
No. of species 11 10 14. 
Species 
Cratoneuron commutatum 07 08 04 
Agrostis canina 02 02 01 
Cardamine pratensis 02 02 02 
Cratoneuron filicinum 02 
Phllonotis calcarea + 
Equisetum palustre + + + 
Junous articul.atis + + + 
Carex lepiclocarpa + + + 
Bryum pseudotriQuetrum + 01 01 
Care:x panicea + + 
Festuca rubra + + 03 
Leontodon leysseri + 
Carex dioica + + 
Primul.a farinosa + 
Carex nigra 03 
LinwD cathartioum + 
Desohampsia caespitosa + 
Floristic composition of an unfenced springbaad hummock 
and an adjacent fenced hummock on Wid~bank Fall 
(Doing Cover Abundance Scale; see Appendix II) 
Aut'nahman ~ Autnahman 2 
Area (m) 
Aspect 
Slope 
No. of species 
Species 
PhUonotis oaloarea 
Cratonauron filicinum 
Agresti& caniDa 
Care:x lapidocarpa 
Equisatum palustre 
Carex panicea 
Care:x flaoca 
,Brdtum psaudotriquetrum 
crWtonauron cammutatum 
Festuoa rubra 
~ella vulgaris 
Cardamina pratensis 
Junous artiaulatus 
Carex nigra 
Veronica beooabunga 
Aorooladium auspiclatum 
Mnium affine 
Carex aohiData 
Juncus oon&lomeratus 
Juncus squarrosus 
Eriophorum angustitolium 
Fastuca ovina 
Briza media ein 
Taraxacum oftiliiale 
. 1\ 
Holous lanatus 
Caltha palus_tris 
Dasohampsia oaespitosa 
Anthoxanthum odoratum 
Pallia epipb_Jlla 
Nardus striata 
Carex dioioa. 
Trifolium pratansa 
Grazed Ungrazacl 
3:x3 3:x3 
S.E. S.B. 
50 50 
13 31 
05 02 
04. 02 
02 01 
02 03 
01 01 
01 01 
01 01 
01 01 
01 
01 04 
+ + 
+ 02 
+ + 
02 
02 
01 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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These observations indicate that it would be dubious to argue 
the persistence of arctic-alpines under present climatic conditions 
without the specific effects of heavy gr,ing and trampling. 
However grazing itself cannot directly control the productivity of 
a community, it can only affect the final standing crop. Also grazing 
unless selective must also affect both the rarities and their competitors. 
Bradshaw (1970) has noted that approximately 10% of the individuals of 
Gentians verna, Tofieldia pusilla and Carex ericetorum produced flowers, 
but almost none set fruit in the unfenced communities in 1969. 
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(iii) Edaphic Factors 
The idea of an edaphic factor contributing in part to the survival 
of relict arctic-alpine species is in keeping with the continuous pollen 
record for such species. Of the seventeen Teasdale rarities which have 
recognisable pollen, eleven have been recorded from the time of maximum 
forest development (Turner and Hewetson, 1970). Jeffrey and Pigott 
(1970) argued that during the Atlantic period of climatic amelioration 
when competition from fast growing species would have been potentially 
hign, an edaphio restriction on growth may have operated on particular 
sites. 
Low phosphate availability has been indicated as a factor limiting 
the growth of possible competitors, thus permitting the growth of shade 
intolerant arctic-alpines. However the investigations of Jeffrey and 
Pigott of the soils on which Kobresia simpliciuscula grow in abundance 
did not reveal low levels of total phosphate but they maintained that 
there was a possibility of the interaction of high levels of lead or 
some other heav,y metal in the soil affecting the availability of this 
nutrient. 
Prom the analytical data obtained it is possible to make the 
following comments. The Kobresia-8esleria grassland (as typified by 
Cluster 6 of the Relocation Procedure) was assoc~ted with the highest 
levels of exchangeable lead in the soil. Since this level was only 
0.004 milli equivalents per 100 c.c. soil, and no traces of lead were 
detectable in any of the plant material analysed, the implication of 
lead acting directly as a growth inhibitor or indirectly by suppressing 
phosphate uptake remains to be proven. 
Exchangeable zinc, while not specifically associated with any 
particular soil or vegetation type, showed high concentrations in soils 
of low organic content which were not subjected to periodic flushing. 
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The zinc content of the plant material differed markedly between 
live and dead tissue,in a similar manner to calcium (see below). 
Comparisons of zino levels were possible for some species which 
occurred across the range of wetland sedge communities. The zinc 
levels (ppm) for dead and live leaves of Eriophorum angustifolium and 
Carex lepidocarpa are shown together with the net aerial productivity 
of these species for the 1969 growing season in Table 44. 
' In these two species levels of zinc appear to be correlated with 
net aerial production; high concentrations of over 100 ppm zinc in the 
live tissue and ~00 ppm in the dead are paralleled by low production 
both ·for the species concerned and the total community. 
Although there appears to be an inverse correlation between zinc 
concentration and productivity in the wetland sites, there was no indi-
cation that zinc toxicity was the causal agent of these production levels. 
None of the classic symptoms were apparent. 
Turning to elements of more direct nutritional value, namely calcium 
and potassium, it was found that significant differences are indicated 
between the concentration of these elements when comparing live and dead 
tissue as shown in Tables 4-~ + I+(\ 
It would appear that species in the table and all others analysed 
tended to retain potassium in the live tissue, presumably removing 
potassium from senescing tissue. Conversely calcium appeared to be 
shunted into the ~ing tissue. 
The marked retention of potassium by Sesleria caerulea especially 
in the live leaves is noteworthy. Although not a Teasdale rarity, it 
is of restricted edaphic range in Britain, occurring only in areas of 
high soil calcium. 
TABLEM. 
Net aerial production for 1969 growing season and Zinc concentrations 
for dead and live leaves of Eriophorum angustif'olium and 
Carex lapidoaarpa for three wetland sites in Upper Teasdale 
Eriophorum ansustifolium 
Nameless Red Sika 
Lower Slapestane 
Upper Slapestone 
Carex lepidoaarpa 
Nameless Red Sike 
Lower Slapestone 
Upper Slapastone 
Zinc Concentration 
. ppm 
Live leaves Dead leaves 
8l 
183 
115 
78 
ss 
160 
183 
588 
434. 
101 
139 
460 
Net aerial 
production 
1969 growth season 
g/m2 
106 
18 
22 
38 
28 
12 
TABLE 45 
The rare species fou."ld in, and associa·ced with, the six clusters 
derived by relocation with main abiotic trends 
CLUSTER 
Data from Grid 
Equisetum var.iegatum 
Primula ~arinosa 
. Juncus triglumis 
Tofieldia pusilla 
Plantago maritima 
Carex capillaria 
Kobresia simpliciuscula 
Gentiana verna 
Sesleria caerulea 
Galt»ium boreale 
Polygala amara; r.· 1 •• , 
Comparative data of 
other species 
Minuartia striata 
Thalictrum alpinum 
Bartsia alpina 
1 
100 
67 
25 
58 
67 
25 
67 
Juncus alpina-articulatus 
Viola rupestris 
Carex ericetorum 
Helianthemum canum 
Dr,yas octopetala 
Abiotic trends 
Wet 
Low Organic 
High Ca 
F+ushi.ng 
Scouring 
2 5 4 
61 
28 
17 
33 
28 7 11 
78 14 78 
6 33 
22 
22 
PRESENCE 
High Organic 
Low Ca 
7 6 
7 
73 
8 53 
25 100 
7 
13. 
Dry 
Low Organic 
High Ca 
No Flushing 
Wind Erosion 
88 
Two of the Teasdale rarities did in fact have low potassium 
levels in their live leaves. Kobresia simpliciuscula had a concentra-
tion of 6.9 mg per g of potassium (S.D. 5.0) in the Upper Slapestone 
calcareous grassland and 4.1 mg per g (S.D. 4.0) in Upper Slapestone 
sedge marsh. Tofieldia pusilla contained only 3.3 mg per g (S.D. 1.7) 
in its live leaves at the Upper Slapestone sedge marsh. 
These observations indicate that further work on the role of 
potassium in these communities would be worth while. 
This section of the work is summarised in Table 46 where the data 
for standing crop and uptake of nutrient by each community studied is 
given. Table 47 shows a crude estimate of production efficiency, 
production per unit uptake of Calcium, Magnesium and Potassium. 
No outstanding ditferencesbetween sites are indicated and the 
number of analyses which would be necessary to obtain statistically 
significant results indicate this to be a less profitable sphere for 
further work. 
TABLE!i§_ 
Summary of Mineral standing crop and uptake area (g/m2) 
· Net 
No. of Peak Aerial Standing Crop Uptake 
Rare Standmg Produc-
Site Phytosociological Affinity Species Crops tion Ca Mg K Ca Mg K 
1 Upper S1apestone Sike Tofieldietalia 
-------------
10 276 134 4.5 0.5 1.4 1.5 0.2 o.a 
2 Lower Slapestone Sike ~~!!!±g~~~!!~~~!~2: 4 4b4 263 5.2 0.7 4-3 2.8 0.4 2.5 Arrhenatheretea 
------------
3 Nameless/Red Sike Tofieldietalia/Mo1inio- 2 626 354 6.6 o.a 3·4 4.1 0.5 2.4 Krrfienatfieretea ________ 
--------------
4 Upper S1apestone Sike Nardo Gallion - 123 29 1.3 0.2 1.0 0.2 o.o 0.1 
-------------
5 Upper Slapestone Sike Ses1erieta1ia 7 403 161 7.3 0.3 2.0 2.4 0.1 1.1 
------------
Calcium 
Magnesium 
Potassium 
TABLE 47 
Biomass produced per gram of' calcium, 
magnesium and potassium at each site. 
1 2 3 
92 87 88 
660 620 750 
173 98 148 
No. of' rarities 10 4 2 
5 
145 65 
725 146 
224 150 
7 
TABLEl,B 
Concentration of Calcium in dried material 
from sedges and grasses at various sites 
myg 
(standard 
Species Site Live deviation) 
Carex nigra Lower Slapestone 14.4 ~1-9) 
Upper Slapestone 21.9 8.1) 
Carex panicea Upper Slapestone 24.9 t9l Lower Sljiestone 19.7 2.4 Nameless Red Sike 17.2 1.7 
Eriophorwn Upper Slapestone 19.6 (1.3) 
angustif'olium Lower Sl~estone 17.1 ~2.6~ Nameless Red Sike 14-1 1.1 
Sesleria caerulea Upper Slapestone 
(Sesl/Kob. grassland) 
13.5 (1.7) 
TABLE 49 
Dead (S.D.) 
20.7 (8.5) 
25.3 (3.8) 
33.6 (12.4) 
25.0 ~3:0~ 25.0 
33·4 ( 3· 3) 
32.9 (17.0~ 
26.9 (2.3 
33.6 (14.1) 
Concentration of Potassium in dried material of 
Carex panicea and Sesleria caerulea at various sites 
rnf!lg 
Species Site Live (S.D.) Dead (S.D.) 
Carex panicea Upper Slapestone 11.8 ~i:~l 3.4 (1.5~ Lower Sl~estone 15.9 6.5 p-3 Nameless Red Sike 11.1 1.6 3.3 1.3 
Sesleria caerulea ~per Slapestone 13.0 
(Sesl ob. grassland) 
(2.2) 2.9 (1.1) 
PART V 
CONCLUSION 
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Although the contemporary climate of the high western ridge of 
Upper Teasdale is marginally sub arctic, the climate of the main area 
in which the Teasdale Rarj.ties are found appears to differ little from 
that of other large stretches of the Pennines. 
Why then is the rich assemblage of relict species present only in 
Upper Teasdale? 
Earlier work (Bella~ and Tickle 1965) had indicated that in 
Upper Teasdale there exists a complex of vegetation types characterised 
by low levels of production. These "low production" communities offer 
niches in which competitive effects are minimal and in which the 
Teasdale rarities are able to survive. 
This stuqy was designed to test this hypothesis by answering three 
questions: 
i) What are the communities? 
ii) What is their productivity? 
iii) What are the reasons for this level of production? 
90 
(i) The Communities 
Detailed stuqy of two transects, which appeared to include a wide 
range of the constituent vegetation of the area, indicated the importance 
of boundary situations to the presence of certain of the rarities. These 
were typified by sharp zones of both biotic and abiotic transition of 
the limes conversens type situation as defined by Van Leeuwen (1966). 
It is suggested that the status of the boundary complexes holds, at least 
in part, the key to the Tees dale problem. 
The association of certain of the Teasdale rarities with ~ 
conversens situations enabled the construction of the following hypothesis. 
A vegetation boundary may be considered as a separator of adjacent 
but different vegetation systems. The area of interaction between them 
must be a zone of ecological transition where neither end-state community 
may find its full expression, that is its tot~ species complement, nor 
their full viability. It is here in this zone of lowered potential that 
rare species and species from totally unrelated habitats may survive 
together in this "niche" which is characterised by low competition. 
As previously stated, Upper Teasdale represents a large scale 
example of a boundar,y complex of vegetation types fluctuating with changes 
in macro and micro climate - a constantly varying complex, unstable in 
detailed pattem, but stable in overall make-up, approximating to the 
"limes convergens" situation, in which many rare plants and rare combina-
tions of plants may be expected (Van Leeuwen 196&) • 
Typical of the "limes divergens" situation are the associations of 
the Trifolio-Geranietea. These appear to represent the seral stages 
-------------------
between grassland and forest, but there are b~sic and integral differences. 
whose associations do not contain the character species of the !!!~~!~~= 
Geranietea. The associations of this class are all restricted to the 
--------
margins of cultivated land where succession is prevented by man's 
, 
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influence; it must be made clear that they are distinct communities 
characterised by certain regionally restricted species. 
Upper Teasdale bears abundant evidence of the effect of man as 
witnessed by numerous spoil heaps, trails and concentrated sheep 
grazing. 
This effect could well account for the contemporary stabilisation 
of the boundary complex and thus for the existence of considerable 
tracts of unique vegetation in this area. 
In Teasdale the communities may not represent the stabilisation of 
early seral stages held by grazing and climatic pressures, but 
specialised phytosooiologioally distinct communities analagpus to the 
communities of the Trifolio-Geranietea. 
It does, at first, seem somewhat dubious to argue the existence of 
relict species over long periods of time in such restricted and unstable 
habitats particularly times involving appreciable climatic change. 
However the very nature of the limes conversens situation, being a 
separator of highly dissimilar opposing systems, ensures a high degree 
of temporal stability (Van Leeuwen 1966). The breakdown of such 
transition zones would require relatively massive environmental or 
habitat changes. 
The limes divergens situation, being a gradual transition between 
not necessarily markedly different, is more susceptible to modification 
through slight environmental change. This type of boundary system is 
therefore more prone to the·ra~ages of time, especially if accompanied 
by climatic change. 
The persistence of a limes oanversens over a long period of time, 
theoretical considerations apart, is still a matter of conjecture. Only 
b~ detailed examination of fossil material iB very local peat deposits 
will evidence be found supporting the above hypothesis. 
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Of the seventeen Teasdale rare species with recognisable pollen 
the following have left a more or less continuous record of their 
presence on Widdybank Fell since the time of forest maxima (Turner and 
Hewetson 1970). 
Betula~ 
Gentians verna 
Plantage maritima 
Rubus ohamaemorus 
Saxifraga hirculus/hypncides 
POl~num viviparum(bistcrta 
Dtyas octopetala 
Helianthemum canum 
Polemonium caeruleum 
Saxifraga stellaris 
Saxifrasa aizoides type 
The fact that so many have been recorded indicates that the rarities 
may have been in the area since the late glacial period. 
Sufficient evidence has accrued from the adjacent Cronkley Fell to 
indicate that a principal feature of the Flandrian history of the area 
was the marked instability since late glacial times both in terms of 
local mire Qyn8mics and woodland (Squires 1970). 
The following relevant picture is constructed from Squires' work. 
During the late glacial there is evidence of solifluction, where the 
upper part of the waste mantle of the retreating glaciers crept over the 
underlying frozen ground, even on areas of low gradient. Consequently 
solifluction deposits or creep soil would collect extensively in hollows 
and at the foot of slopes;such deposits are widespread in Upper Teesdale 
(Johnson 1965). 
These unstable areas would have provided habitats for pioneer 
species, including possibly the present day rarities, in much the same 
way as plants encroach almost on to the ice sheet of Greenland today. 
During the Late Glacial, the rare species were not confined to the 
Fell tops of Upper Teasdale. There is considerable evidence that they 
formed the components of widespread vegetation types and numerous records 
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of their remains have been found in lowland Britain (Allison, Godwin 
.,.__ 1952) (Mitchell 1953). 
Later climatic amelloration evidently resulted in the withdrawal 
of the flora of the 11 park tundra" to high altitudes until finally 
restricted into the disjunct localities in which they are found today. 
In Pollen Zone·VI the edaphic instability of the Fell tops gave way 
to instability brought about by water level fluctuations which, as the 
stuqy has shown, are a pertinent feature of certain boundary situations 
in the area even today. 
T.he period of forest maximum would appear to have been the most 
critical for the survival of the relict species. The fact that many of 
the rarities are found only in a very short tutf on limestone outcrops 
would indicate their intolerance to the shaded condition of woodland. 
However under the blanket bog which surrounds the outcrops there is 
abundant evidence of well developed forest which would have undoubtedly 
reduced wind erosion and woil wastage on such limited limestone outcrops. 
Although the limestone may have been covered by open forest or scrub, 
the pec~flora need not necessarily have been exter.minated under these 
conditions. Viola rupestris, Carex ericetorum and D~as octopetala can 
survive under scrub on small outcrops, and Polysala amara and Gentians 
verna have both been noted in fruit in small openings in the canopy of 
sub-alpine Picea .abies forest in the Alps (Piggot 1956). Similarly the 
elements of the !~~!!!~!!~!!! are found well developed under forests in 
calcareous flushes in sub-alpine river valleys (Siebert 1958). 
Bven at its maximum development the Upper Teasdale woodland was 
never closed (Turner and Hewetson 1970). Providing that local movements 
of rarities could occur to evacuate old habitats as they became untenable 
and exploit new and different niches as they became available, the relict 
species could have survived throughout the forest maximum. 
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Again survival through the main period of blanket bog development 
must be considered. Presumably restricted localities of limestone 
outcrops would have been available. It is interesting to note that 
limes convergens and limes divergens boundaries would have been a 
widespread feature of that time. 
Although the boundary hypothesis may neatly explain the persistence 
of many of the rarities in certain situations it does not in others. 
There is the abundance of species such as Tofieldia pusilla and 
Kobresia simpliciuscula which are not restricted to such zones of 
environmental instabUity. Species suoh as these may in tact be 
definitive plants of certain communities (see page 21). 
The detaUed phytosociologioal investigation of the grid on 
Slapestone Sike produced an optimum classification of 6 cluster.5all of 
which contained an admixture of rarities, though some more so that others. 
Two main types of community, the sedge marsh (Clusters 1 and 2) and 
the sugar limestone grassland {Cluster 6) have a high proportion of 
arctic-alpine species occurring within them not only in terms of numbers 
of species but also in ter.ms of frequency of occurrence. Table 45 lists 
these species under their appropriate cluster code with their frequency 
of occurrence as well as comparative data of distributions of other rare 
species from similar communities. Abiotic trends are also shown. 
In general those communities with complete vegetation cover that 
are rich in the rarities appear to be admixtures of two or more phyto-
sociologioal~ recognisable vegetation taxa. These mixed communities 
are found where the soils are low in organic material and high in calcium. 
Soma of these areas have been classified into the association 
~!~!!!!~:£!~!2!!~~!2!~!!! Shimwell 1968. This association,together 
with its variants, forms a phytogeographical link between the lowland 
base rich grasslands of the class !!!:~2~:~~~!:!! Br. Bl. and R.Tx. and 
the arctic alpine grasslands of the class ~!~~-~~~!!~iete~ Br. Bl. and 
further emphasise the boundary nature of Upper Teasdale. 
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(ii) The Productivity of the Communities 
The phytosociological study not only indicated the relevance of 
vegetational transitions to the survival of rarities, but also delineated 
the communities and sites for production studies. 
The performance of each species at these sites was determined, by 
the single species increment cropping technique, and a composite picture 
was obtained of each community's dynamics in terms of biomass and 
mineral flux. 
These investigations have indicated that those communities rich in 
rare species are typified by low levels of net aerial primary production 
(Table 41), though all areas of low productivity do not necessarily 
contain rarities, unless ecological, environmental and phytosociological 
factors are favourable. 
Previous studies have indicated that Upper Teasdale plant communities 
containing arctic-alpine species have an annual dry weight shoot 
production of less than 150 gm per m2 per annum (Bella~ and Tickle 1964)• 
In the light of the present study this would appear an oversimPlification. 
The rarities are certainly most abundant in the l~st productive areas, 
h 
provided other environmental factors are suitable. They are common in 
communities with less than 150 g per m2 per annum, but they do occur in 
communities whose productivity exceeds this level. 
The relationship between net aerial prima~ production and the 
number of rare species was found to be an inverse relationship; the higher 
the productivity, the lower the number of rare species. Only two rarities 
were present in the Nameless/Red Sike site whose net annual aerial 
production for higher plants was 355 g per m2 per 1969 growing season. 
(iii) What maintains this low level of productivity? 
The vulnerability of the presumed contemporary stabilised communities 
to modification by environmental modification was demonstrated. 
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The simple cold frame experiment illustrated the effect of short 
term amelioration of the climate. Lowland species in the Teasdale 
community studied showed a rapid response by doubling overall community 
standing crop in the length of a single growing season. The response of 
the Teasdale rarities under these experimental conditions remains to be 
investigated. 
This response to climate would tend to depreciate an argument 
maintaining the inhibition of growth due to edaphic factor(s), assuming 
that such a factor(s) is not temperature sensitive. 
This experiment also indicated the effect of climatic restraint in 
maintaining the production level below its maximum potential. 
The importance of another environmental factor, heavy grazing, was 
emphasised by the observations of the fenced and unfenced spring head 
"brown moss" hummocks. The removal of grazing pressure on these particular 
communities resulted in changes in the physiognom.v, reproductive modes 
and composition of the flora. This further demonstrated the delicate 
balance of the contemporar,y plant communities. 
Chemical analysis of soil and plant extracts, apart from providing 
information of mineral flux within each species, were inconclusive, 
failing to produce evidence of the role of most of the heav,y metals in 
inhibiting community productivity. Zinc levels were higher in plant 
material from the less productive sugar limestone communities. These are 
the communities which contain certain large numbers of rare species, and 
it is tentatively suggested that further investigations of this metal 
may be rewarding. 
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The Teasdale rarities are located in two basic types of situation:-
(a) various boundary and transition zones, 
and (b) communities of low net annual aerial production, particularly 
those associated with sugar limestone soils. 
What have these two basic situations in common? 
They are both situations in which the vitality and viability of the 
lowland species are impaired by factors of ecology and climate. It is 
here in the face of lowered competition that the rare species, supposedly 
intolerant of competition, have been able to maintain a foothold. 
The construction of the Cow Green Reservoir although flooding some 
of the present localities of the rarities, may provide new environments 
rich in boundar,y situations on the new shore line. Against this must be 
set any possible unfavourable changes in microclimate. It remains to be 
seen which influence will prove the stronger for the future of the 
Teasdale Rarities. 
APPENDIX I 
PLANT AND SOIL ANALYSIS 
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Gravimetric and chemical analysis were carried out on plant and 
soil material. 
Preparation 
The plant material was cropped according to the method previously 
outlined. 
The soil samples were obtained by inverting aluminium canisters 
over the soil surface previously denuded ofvegetation. The surface of 
the soil around the circumference of the can was cut with a sharp knife. 
This allowed the introduction of the can into the soil. Care was taken 
to avoid compaction and when the top 10 em of soil filled the can the 
core was removed. Two samples were taken from each quadrat. 
The soil samples were immediately returned to the laboratory with 
minimum soil water loss. The cans and soil were then weighed on a top 
loading balance. 
The packeted plant material and the soil samples still in situ in 
their cans were loaded into hot air ovens set at 105°C. A constant flow 
of air was forced over the samples by an internal extractor fan integral 
to the oven. The samples were dried for three days. 
In practice it was found not possible to dry samples to constant 
weight due to the loss of ~olatile organic compounds from the plant 
material and soil organic fraction. Three days at 105°C sufficed to 
drive off the aqueous content with minimum loss of volatile substances. 
The dried packets of plant material were then stored in new polythene 
bags which were kept tightly sealed with a few crystals of silica gel 
inside. These crystals served to indicate if water vapour entered the 
bag, in which case the contents were transferred to a new bag with a 
larger quantity of gel to remove the vapour. 
The soil samples were weighed again as soon as they were removed 
from the oven and the pertientage of water loss from the soil was calcu-
lated. 
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The two soil samples from each quadrat were then bulked and gently 
ground in a clean pestle and mortar to break down the larger soil crumb 
structure and then sieved through a 2 mm gauge sieve. These samples were 
then packeted and stored in the same way as the plant material. 
Soil Analysis and Preparation 
Soil Organic content. Approximately 10 gms of each of the dried, 
lightly ground and sieved soil samples were accurately weighed into clean 
porcelain crucibles with lids. These crucibles were then placed in a 
muffle f'urnace and heated to 325°C for 24- hours. These were then removed 
and allowed to cool in a large dessicator. The ash was thenweighed and the 
weight loss attributable to the organic fraction calculated. 
Soil Extracts 
(i) Exchangeable 
The "exchangeable" ions in the soil were extracted with N. ammonium 
acetate at room temperature. The extraction procedure consisted of 
steeping 2.5 gms of the soil sample in 250 mls of the ammonium acetate 
solution for 24- hours. The soil particles were then filtered off and the 
filtrate evaporated almost to dr,yness to drive off the ammonia. The 
remaining solution was made up to 250 cc in a calibrated flask. TW.o 
exchangeable extracts of each soil sample were prepared and the analysis 
results were derived from the means of these samples. 
(ii) Total 
The "total" soil extracts were prepared by wet ashing (for method 
see Jeffries and Willis 1964.). Again duplicates of each soil sample were 
prepared. 
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Plant Extracts 
The dried plant material was cut into small pieces and wet ashed 
as above. Replicates and blank "controls" were prepared for analysis. 
Cations 
The monovalent cations, Sodium and Potassium, were determined by 
flame photometry using an ElL flame photometer. 
Magnesium, Calcium, Zinc, Lead were determined by atomic absorption 
spectrophotometry (David 1960). Precautions were taken to suppress 
possible phosphate interference in the analysis of calcium (David 1959). 
Anion 
Phosphate was determined by a single solution method (Murphy and 
Riley). 
APPENDIX II 
THE "DOING" SCALE 
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This scale was developed to overcome the main weaknesses of the 
Braun-Blanquet system (Barkman, et al. 1964). These were considered 
to be:-
(i) the use of a combined scale for estimation of ab~~dance 
and cover. 
(ii) the lack of equivalence in the range of values of each class 
with most other existing scales. 
(iii) the inexact definition of degrees of abundance and 
sociability. 
The "Doing" scale treats cover and abundance separately. It is 
perhaps an oversensitive method for general phytosociological usage but 
for detailed comparisons in either temporal or spatial contexts it is a 
more precise tool than the Braun-Blanquet method. 
The cover scale only was used in this stuqy. 
vegetation cover Doing Cover Scale 
% 
2 
2-5 
5-15 
15-25 
25-35 
35-45 
45-55 
55-65 
65-75 
75-85 
85-95 
~-> 95 
00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
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Status· of the Teesdale Rarities 
by 
D. J. BELLAMY 
P. BRIDGEWATER 
C. MARSHALL 
W. M. TICKLE 
On the basis of field evidence, two hypotheses are advanced ·to 
account for the existence of"arctlc alpine" plants In Upper Teesdale. 
They Involve a critical limit of primary production and boundary 
instability. · 
Department of Botany, 
University of Durham 
UPPER Teesdale in the Northern Pennines of England has 
long been famous for its rich and peculiar flora1 •2, which 
includes prealpine, alpine, arctic alpine and sub-arctic 
plants"-"'l'eesdo.le rarities". Most of these are fairly 
abundant .between the 300 and 600 m contours, which in 
an at•ea o.t approximately latitude 54° 40' N.on the At] antic 
coast of Europe is rernarkable. 
· Manleyl has described the climate at 840 m on the 
west.orn ~oundary of Upper Teesdale: "We ther!3fore fonn 
a conception of an excessively windy and pervasively wet 
o.utumn, a. very variable a.nd stormy winter with long 
spells of snow-cover, high humil;lity and extremely bitter 
wind, alternating with brief periods of rain and thaw. 
April has a. mean temperature little above freezing point 
and sunny days in May are offset by cold polar air, while 
l;he short and cloudy.swruner is not quite wann enough to 
support the growth of trees. Throughout the year indeed 
the snJUlllits are frequently covered in cloud". He calls 
the climate of the high westet·n ridge sub-arctic, but 
emphasizes the mm·ginal natm'C of this upland climate: 
"A relatively slight increase in the frequency of warm 
anticyclonic summo~1· weather would allow a rise in Jnean 
tempem1;lU'e nlmost sufficient to permit the g.·owth of 
trees". 
Yet more than 300 m lower on both north and south 
facing slopes, ecosystems harbolll'ing arctic alpine plants 
a1·e widespread in conditions which might therefore be 
regarded as ma.rginal for their survival. 
'l'he proport;ion of English gardens situated below the 
300m contour and tho abundance of arctic alpines in seed 
catalogues should be proof enough that these plants will 
grow at even low ultitudes and in {ll'Yer situations, with 
much longer g1·owing periods than tl1e "arctic wastes" 
of Upper ~L'eesdt~le. 
'\Ve have two hypotheses to account for the restriction 
of the r~tnge of t;hese plants in natural sit,uations, and 
their relative abundance in Uppe1' Teesdale. These 
involve, first, n C1·itical limit of primary production, and, 
second, boundary instabiliL-y. 
Critical Limit of Primary Production 
Tho impo1·tauce of competition, or at least t;he lack of 
it;, t;o the survival of arctic a.lpine plants has been dis· 
cussed widely {refs. 3 and 5 are directly •·elevo.nt). There 
are, however, few or uo empi1·icnl data availablo~ concerning 
this impoJ·tant factor. 
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\Ve have studied the floristic make-up and productivity 
of the "wetland ecosystems" of Upper 'l'eesdale in 1:elat.ion 
to their mineral supply0• \Vetland ecosystems in the 
limited sense of this work are defined as ecosystems with tt 
watet·table, above, nt m· very near the substrate Stll'face, 
the substrate l'Eli11Bining saturated throughout the year. 
These can be subdivided into two principal g•·oups. 
(a) Blnn'ket mu:es, which occupy watersheds which are 
cove1'Cd with a blanket of peat {varying in thickness from 
a few centimot.rcs to 4 m), with wa.ter and m.i..nerals supplied 
dit'Cctly in rainfall'. {b) Flushed ecosystems, which can be 
subdivided into those which {I) occupy the dl'fl.inuge axes 
of tho blanket mire rmd ni'El nflectod by l'llll·Off from peat 
covered catchments; (2) arc supplied with run-off or sp1·ing 
water fl·om the acid rocks of the ll.t'Ela {mainly qmu·tz 
dolerite) and from glacial drift formed from quartz 
dolerit;o; and {3) are supplied with spring water derived 
f1-om the extensive deposits of Carboniferous Limestone in 
the arert and f1·om glacial dl'ift nnd boulder clay formed 
from the limestone. 
\Ve mapped l'Cpresentntive set·ies of the "wet:land 
ecosystems" n.ml described their vegetation using standard 
p11;~<tosociological teclmiques8, combined with the use of 
point qw:ult·at.'!. 
Differential onalysis of tho flm·istic dnta using Kulczyn-
ski's fol'llmln° I'C\'enled a cline of wetland cornnumities 
falhng into seven groups, each with its own character· 
istic species. The di1·ect:ion of va1·iat;ion of !;his cline 
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seems to be related to the increase in the effect of flowing 
bicat·bonate-rich gt·ound water10 passing from the blanket 
mire ecosystems to those developed in spt·ing waters 
derived from the limestone. -
The Kulczynski diagro.m in Fig. 1 shows the results of 
the differential analysis of t;he reduced matrix of sites 
used in the production studies. 
Soil samples, collected from each conununity, were 
clried and aliquots were extt·acted wit;h 2 N ammonium 
acetate11, and analysed for calcium and magnesium 
(atomic absm·ption spectrophotometer) and sodium and 
potassium using a flruue photometer. Totn.l carbonates 
were detet:m.inecl by shaking dr·ied soil wit.h stn.nda.rd ocid 
followed by bac){ titt·o.tion using bromothymol blue as 
indicator. '!'he JJH was deter·mined on fresh soil smnples 
mu.de liquid. with clist;illed Wttter". 
Sixteen wetlru1Cl communities covering the seven 
~oristic t.ypes w~·e fm1ced in early 1965 agttinst grazing by 
sheep and cattl0. '!'Iiese rttnged in alt;itudo f•·om 440 to 
640 m Or·dnanee Datum. To minimize chtnul.ge to rru·e 
conununities, J'egulur eroppiug wu.s curried out on only 
two sites. Fo1• this the exclosures at either end of the 
altitudinal range were sited· around communities. which. 
are widesprea.cl in the m·ea, and which contain no rare 
plants. 'l.'hese we1-e Sf!ompled monthly by paired, clipped 
quadrats, each 0·5 m• in size. As soon as the aerial 
standing crop became constant in the highest exclosure, 
cropping of t.he oU10r enclosed communities bega!1, 
gr·adually worl(ing downwm·ds. All the crops we1·e 
sorted into monocotyledons, dicotyledons and bryo-
phytes, a.nd then each cmnponent WtlS sorted into current 
and pt·evious year's g•·owt.h. The components we1·e dried 
to constunt weight at 100° C. From the results a mean 
figure fm· f;he net annual o.el'ial production per square 
metre was calculated. '\Ve shall refer to t.his simply ns 
"shoot production". 
The Hypothesis 
. 1\fany Teesda.Ie communit.ies which conl;n.in .arctic 
11olpine. species have a toto.! vegetation cover of les~ tl1an 
30 per cent. In t;erspecific competition seems I ikely · to be 
~eatest in con1mmlities with maxunum cover vulue, and 
~o only l'Csults fot· communities with 100 per cent cover 1tre 
:liscussed here. 
Fig. 2 shows the vLLiues for· shoot production plot;ted: 
(a.) ago.inst t.he combined content of calcium and total 
~arbonatc /100 g dry weight of soil (as a rough edttphic 
maier), and (b) against altitude (as a rough climatic 
~caler). l\f.Ltnley12 states that for the Northem Pennines, 
3 
"a slight increase in elevation is accompanied by a 
t·enlOJ'lmbly large dccrense in tho length of the gl'Owing 
season (a shortening of 10 days for 80 m)". 
Clearly there is no correla.tion bet;ween shoot production 
and either of these factors. But all communities containing 
arctic alpine species (shown on thefigm·esin solid symbols) 
have an annual dry weight shoot production of less than 
150 g/m2• 
Comparable figm·es fm· the shoot pt·ocJuction of a whole 
t·a.nge of true nl pine tundra. ecosystems ttre given in Table 1. 
The figures a1·e al1 taken from Bliss13 nnd 75 per cent of 
- Table 1. SIIOOT I'RODUCTIOll 
Bliss (1066) 
Hcalh 283 
Snowbonk 200 
SaJ:iJraoa-A IIICIIIIllria 193 
.Arlemesia dry meodow 102 
Calomogro~tls wet meadow 180 
Sedge mendow 176 
Oartt,; dry men1low 150 
Sibbnldia-.ilurostis 141 
)l[olst swoles 
Heath-rush meadow 
24-125 
124 
Sedge-rush heath 112 
OareiJ-DIJBchatllpBia wet meadow 112 
Geum-scdgc, Soulh slope 112 
Oar~~;~;-lJeschamps iB, 
moist meadow 13-102 
A reoorin-J>riotJOIIIIII&,IIry mendow 78 
Hcoth-msh fciiRcld 74 
'J~urf BltCB 11-68 
Diape11sia 67 
OnNI!II-GBIIIII turf 6-60 
Geum-Sa/iz meadow 58 
Geum-Sedue, north slo1>e 45 
Darii1J-DIJBchampsia 40 
Cushion plonts 28 
Onre:t-Sibbaldia-Erigeron 21 
1'>79 
548 
461 
449 
431 
•122 
415 
Ul 
383 
344 
323 
310 
UJ>pcr Tcesdalo 
Gross spring 
Jirown moBB.BJlring 
Grass spring 
Poiutriciium heath 
B1·own moss SJII'ing 
'J'all rush mire 
Drown moss spring 
'J'nll rush mire 
Gro.BB spring 
Tnli' rnsii mlro 
295 Drown moss Sl>riug 
272 Hcalher moor 
272 Gra&B spring 
272 Drown mo&B spring 
268 Toll J'ush mire 
266 Drown moss spring 
193 Drown moss spring 
164 Sedge-rush sword 
150 Cushion community 
150 Scdgo-rush swnrd 
142 Cushion comnninity 
140 Oarez turf 
136 
118 Sedge-rush sward 
108 Cushion community 
09 (}are;~; turl' 
53 Cushion community 
Shoot pro1luctiun Is meas!lrcd In g (dry wt./m1). 
1 
nvergrccn shrubs 
Herbs 
M0888s 
•.roble 2 
Calorles/g uh free dry wt 
MnVuhlogton Upper Teesdalo 
5,098 6,239 
4,601 4,710 
4,410 4,410 
the_m have a. shoot production cifless t.ha.n 150 gfm2farumm. 
It is interesting that t.hc highest shoot production given by 
Bliss is from a. commUnity dominated by woody,p'erennials 
(twuli.·a. heath). This is certainly ecologically Similar to 
the blanket mire ecosystems of Upper Teesdo.le, dominated 
by Oalluna tiidgariB, which have a. sl1oot production of 
272 gfm2/a.nnum. Upper Tcesqale ecosystems containing 
arctic alpines o.nd true tundra. ecosystems are also similar 
in the calorific value of the plant materials. 
Table 2 gives comparative figures for Upper Teesdo.le 
a.nd Mount Washingtonu. Bliss comments· on the high 
oa.Iorific values of tundra p~ants, linking them to the 
storage of fats and sunnising on the import~~>nce of cqergy-
rich food stores in ecosystems with a short growing 
season. 
Teesdale ecosystems seem to have much in l'ommon 
with true alpine tundra ecosystems, and it seems reason-
able t.o speculate that the critical figure of 150 g dry 
weight shoot production/m" is of more than local signific-
ance in the survival of the type of plants in question. -;. 
In true arctic and alpine areas, harshness of climate and 
especially the short growing season must limit the 
production of the ecosystems. Also, instability of the 
subst.ro.te due to ft·ost action and wind, rain and rime 
erosion could easily accmmt for the maintenance of the 
ecosystem in an open "skeletal" form. In Upper Teesdale 
the action of herbivo1-es; chiefly sheep, could well account 
for the latter effect•. 
Boundary Instability 
Against this background of low productivity we 
considered the floristic make-up of the region using phyto· 
sociology, sensu Bro.un-Blanqu~t•, and the descriptive 
ecological approach of Williams and Lambert15- 17 • 
Phytosociology considers the floristic- structw-e of the 
c01nmunities, from which sociological units o.re abstracted. 
The basic unit is the "n.ssociation" (analogous to the term 
"species"), -numbers of which are combined into a. hier-
archy of alliances, orders and finally classes. Lohmeyer11 
summarized :the unit~ desorib~d.for uorth-wes~ Elll'ope and 
his nomenclature is used ·throughout. . _ · . . · - . · 
Two typically A,lpiue orders, the Seslerieta.Iia _and the 
Tofieldietalio., although · of restricted __ occu1'rence in tll.e 
British Isles, .meet in_ U ppj~r. 'l'eesdalf), particQlarly in the 
Cow Green area: destined to. be flooded.: In Europe the 
"Teasdale rarities" occi.u- in the associations of these two 
orders. The rf)lationship between these. two· orders was 
explored ·by a. study of the west-facirig·slope of Slapestone. 
Syke on Widclybarik Fell (grid ref; 35/812303, 480 m_ O.D~). 
The syke (small stt·erun) drains a. partially peat covered 
catchment o.nd cuts down ~hrough ·the overlying glacial. 
drift into the 1\ielmerby Limestone beneath. 'fhe soils of 
the valley side form a catena from peat· covered drift 
through various admixtures to limestone; they also 
becortte progressively wetter doWn.~Jlope due to seepage 
from limestone aquiff)rs draining into t.he·syk~. . 
'fhe uppet· part supports species-_rich open heath and 
gra.Sslancl conununities dominated by BIIBlerta caerulea 
referable to the Seslerieta.lia., and the lower part sedge 
dominated conununities referable to the 'l'ofieldieta.lio.. 
The a.i-eo. was stt1died by means of a transect of contigu-
ous 1/4 m• quadrats, the date beiitg subjected to noJ;lllal 
inverse rutd nodalanalysis15•11• Normal analysis compares 
homogeneity of qua.ch·a.ts based on their species content 
and divides them into related groups (Fig. 3), while 
inverse analysis in similar fashion divides the species into 
groups (Fig. 4). 'l'he combination and refining of the 
results of these two analyses produce a doubly defined 
set of units, Ol' noda, B8118U Lambert and Williams17, of 
differing quantitative and qualitn.tive definition. These 
have been reo.rranged to clarify their relationships in 
Fig. 5, from which two principal types of conununity have 
been defined. 
Type I, defined by the following nodo., 4/12, 4/1, 4/7, 
has the same floristic composition •throughout, that is 
Juncus articulatUB, J(obriiBia BimplicuiBculp,, Oarez panicea 
n.nd Oarez lepidocarpa.. All these species are found in 
associations of the ordet· Tofieldietalia. and a. lepidocarpa 
is a. "chara.ktero.rten" of the Allia.rice Eriophorion la.tifoJ_ii 
of that order. 
Type 2, defined by the noda 24/23, 24/31, 24/28, co11tains 
Hylocomium splendens, Besleria caendea, Fesfluca ovina, 
Thy7ri.UB drucei and, except in noda 24/31, Gallium saxatile 
all(l RhytidiadelphUB loret~B. This more 'difficult social 
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gt·ouping is referable to any of tho ordei·s Seslerietalia, 
Nardetalia. or Brometalia. -
A transition zone separates these two principal types 
and is charactel'ized by many minor sub-noda and weak, 
poor!:t defined species gt·oups. These constitute o. distinct 
abt•upt definable boundary zone much resembling the 
"limes conv~;~rgens" situation, a zone of vegetational 
instability rather than a zone of continuous transitionto,ao, 
Here occu1· three of the "Teesda.le rarities" which ro·o 
more \Y'idespread in the British Isles, being typical of open 
skeletal pioneer· commw1ities, Plantago maritima (J wlceta-
lia mro·itimae of Saltmarsh), Equisetum '!Jaricgatum 
(Scheuzerio-Cii.ricetea fuscae of· Montane flush and dune-
sla.Qk) and .Minuartia vema (Violetalia calroninariae of 
heavy metal spoil heaps). In this zone of instability they 
exist, however, in a. closed cominunity with complete 
plal\t ~over. One environmental va.riable which could 
accouiit ~for this zone ·of instability by preventing the 
~tabiliza.tioti of either of the two principal vegetational 
types is the oscillation of the ground water in this wet to 
dry bOtmdary zone. 
This phenomenon is not restricted to Slapstone Syke. 
Pigott3 described the chief habitat of .Minuartia Btricta as 
a. narrow zone around the bases of Gymnostomium re-
CU1'vi1'0Bt1"itm hmrunocks in open gravel flushes. llll. stricta 
also occurs along Red Syke on Widdybank Fell in a. closed 
bryophyte tti.rf which forms a distinct boundary zone 
betw(!en the flushed vegetation of the syke and the bank 
above the normal level of flowing water. Table 3 gives 
the results of 100 point quadrats spaced a.t 0·5 em intervals 
in a linear frame along the three chief zones at two sites. 
The commmuties of zone 3 at both sites belong to the 
Tofieldietalia, w~le those of zone 1 at site 1 belong to the 
Erico Spho.gneta.lia. (bla.nl{et mire) and at site 2 to the 
Seslerietalia. · 
Perhaps the claasic example of boundary zone species. 
.u·~ the mosses Paludella squarrosa, Oynclidium stygium 
and Oamptothecium nitens. Although widespread in the 
arctic11 their relict localities are typical of a transition 
zone between associations of the Erico Sphagnetalia and 
'l'ofieldetalia, a zone of abrupt ecological transition18• 
'fhe effect of changes in water regime brought about ])y 
drainage has been used to explain the disappearance of 
these species from 1\WDerous relict localitiesaa,u, 
The importance of such boundaries to the existence of 
quadrat no.of 
ref. no. species 
certain species is thus indicated, and it is suggested that 
all such species are intolerant of competition. It does, 
however, seem somewhat dubious to argue the existence 
of relicli species over long periods of time involving 
a.ppreuiable ulimatic changes in such restricted !JUIItahlu 
habitats. 
There is also the presence, and indeed abundance, of 
species such as 'l'ojicldia ptcsilla and J(obresia simpliciu-
scula, which are noli restricted ~o such zones and in fact are 
defining species for the' type 1 commtmity, yet to be ex-
plained. These points can be partly answered by consider-
ing the overall boundary nature of the vegetation of 
Upper Teesdale, representing as it does an area of contact 
between associations of two orders of vegetation developed 
in a climatically marginal situation. That is a. large scale 
exronple of a boundary complex of vegetation types 
·fluctuating with changes in mam·o and micro climate--a. 
constantly varying complex, unstable in detailed }Jattern, 
but stable in ovet•a.U make-up, a.pp1.'oximating to the "limes 
divergcns" situation, in which many rare plants and rare 
combinations of plants may be expectedlD, 20• 
. 'l'ypica.l of the "limes divergens" situation are the 
associations of the class Trifolio-Geranietca. These appear 
to represent the sera! stages between grassland and forest, 
but there are basic and integral differences. '!'he true 
sero.l communities are classified in the order ]~runetalia 
spinoslie, whose associations do not contain tho character 
species of the Tl'ifolio-Geranietoa. The associations of 
tllis class are all restricted to the margins of cultivated 
land where succession is prevented by man's influence; it 
must be made clea,r they are distinct communities, 
characterized by certain regionally restricted species. 
Upper 'l'eesdale bears abundant evidence of the effect 
of man, for example, trails, spoil heaps and concentrated 
sheep gt·o.zi.ng. 'flus effect could "'ell accmmt for .the 
contempora,ry stabilization of the boundary complex, 
and thus for the existence of considerable tracts of muque 
vegetation in this area. 
'Ve tl1erefore suggest that in Tcesdale we are not simply 
dealing with the stabilization of early sera! stages, but 
with the production of specialized cmrununities which are 
phytosociologically distinct. Only the complete phy:to-
sociological description of thQ area will clarify this. So 
fn.r, however, results indicate the need to erect a new class 
of:vegqtation, analogous to the 'l'rifolio-Geranietea. This 
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poses tho following problem: Is the special vegetnt;ion of 
Uppm· 'l'eesdale truly relict, m· is it a product of recent 
lttnd use T If the fonner, what stabilized the boundary 
complex; if the latter, where did the "Teesdalo rarities", 
now acting as ad\•entives, exist before the advent of man 
on the catchment ?. 
This work was carried out while two of us (\V. T. 
and P. B.) held Nli:H.C research studentships, and 
while D. J. B. ttncl C. M. were working mlClet• a grant from 
the ICI 'l'eesdale Tl'llst :Fund. ·we ~hank the R-aby and 
Str·athmore Estates for pennission to work on their -lands, 
the Nature Consm·vancy fm· pennission to w01·k in the 
U:pper 'l'eesdale N.N.H.., and John Peters, Hugh Proctor 
and Tom Buffey, for their: aasistanco and hospitality. 
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Teesdale Rarities 
SnlS1 suggests that instability of substrn.f;c I'CSUlting lh:nn 
wind and water erosion could be a factor relevant to tho 
existence of the Teasdale rarities, and nslm tho question, 
. "Have the bare areas been the subject of critical s~udy ?" 
In his classic paper on the vegef;ation of Upper Teesdale, 
Pigott8 described the vegetation of the bare areas in detail 
and cl'itically discussed the t•ole of erosion by water and 
wind in the maintenance of their skeletal con:llimnities. 
He emplmsized the important part played by herbivores, 
especially their t•·ampling in the erosional process. 
Heference to his lists shows tlmt the meagre fim·a. of these 
areas includes both ra.re and common species, indicating 
that they simply rept·esent habitu.ts, albeit seve1'0, which 
are open to colonization by any organism which can gain 
and maintain a foothold. 
'l'he vegetation of Widdybank ]!'ell consists of the follow-
ing. (I) The pure communities, all of which are of wide· 
spt·ead occurrence in northem Britain3 and each of which is 
referable to one of several orders sensu Braun Bla.nquet4 • 
The Teesdale rarities· at·e poorly represented in these 
communities. (2) Skeleta.l, retrogi'es!live and pioneer 
communities, subject to the erosion phenomena up.der 
discussion. (3) Areas of closed vegetation dominated by 
Sealcria cacrulea (L.) Ard., which can be classified into the 
nssociation Seslerietum-Caricetum pulicariae Shim~. This 
association,' together with its variants, forms a phytogeo-
gt·aphical link between the lowland base rich grasslands 
of the class li'estuco~Brometea Br.-Bl. and R.Tx., and the 
m·ctic · alpine gl'l\ssl~tnds of the class Elyno-Seslerietea 
Br.-131.6 • '.rhe Teesdale rarities are well rept•esented in 
these communities. (4)· Tracts of closed vegetation, which 
consist of either patchworks of the pure conununities, or 
tubnixtures of species from two, rarely more, of the pure 
communities. These botmdary complexes, which include . 
some of the variants of (3), are, however, not just admix-
tures, they are characterized by the presence, abundance 
and even dominance of the Teesdale rarities. 
The existence of species, which are considered to be 
intolerant of competition, within the bare areas, ia easily 
understood. The widespread occurrence of closed com-
munities, which t\1'0 J'ich in these species, must be accounted 
for. It is suggested that analysis of the status of the 
boundary complexes holds the key to that of the Teesda.le 
rarities. 
There seems little doubt that the active erosion taking 
place today is a retrogressive process and as such repre-
sents a threat to certain plant populations. But the 
relationship, if nny, between the stable botmdary com-
plexes and past et·osion phenomeno. (fot· example, erosion 
surfaces and loess nncl outwash deposits) is an important 
facet of the study of the Teasdale problem. Detailed 
phytosociologicnl, ecological o.ndpedological studi'3s, whioh 
include c'xclosure experiments, are under way within tho 
lU'en. 
Depm·tmcnt of Botnny, 
University of Dul'lmm. 
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TABLE 5 
1 
1 2 4 5 6 7 8 9 10 16 17 18 19 20 21 30 
A 
c 
B 
B 
G 
H 
Carex panicea 
Potentilla erects 
Euphrasia micrantha 
Selaginella selaginoides 
Thymus drt.loei 
Sagin.a nodose 
Bellis perennis 
Anthoxanthum odoratum 
Bquisetum variegatum 
Briophorum angastifolium 
Prunella YUlgaris 
Ctenidium molluscum 
Carex lepidooarpa 
Juncus articulatus 
Primnla 1'arinosa 
Pinguicula vulgaris 
Plantago maritima 
Toi'ieldia pusilla 
Philonotis fontana 
Brium pseudotriquetrt.lm 
Agrostis canine 
Cardamine pretense 
Festuca rubra 
Riccardia multii'~da 
Carex capillaris 
Carex echinate 
Kobresia simpliciuscula 
Linum catharticum 
Carex pulicaris 
Pleurozium schreberi 
Galium sterneri 
Rhytidiadelphus loreus 
Festuca ovina 
HYlooomium splendens 
Sesleria caerulea 
Calluna vulgaris 
Galium saxatile 
Viola canine 
Agrostis tenuis 
Thuidium tamariscinum 
Polytrichum commune 
Deschampsia caespitosa 
Campanula rotundit'olia 
Cladonia arbuscula 
Juncus squarrosus 
Cladonia chlorophoa 
Equisetum arvense 
Dicranum scoparium 
Pseudosoleropodium purt.lm 
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Carex nigra 
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Nardus striata 
Trifolium repens 
BotryohiUm lunaria 
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